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SOME NOTES ON THE RECIRCULATION OF FLUE GAS IN 


SWITZERLAND 





INDUSTRIAL BOILER PLANT. 
By P. SCHLAPFER and E. RoTH. (From Schweizer Archiv, Vol. 12, No. 8, August, 1946, pp. 233-250, 15 illustrations.) 


In consideration of the fuel shortage experienced in 
Switzerland during the last few years, several steam 
boiler plants were adapted to operation with flue gas 
recirculation. The working principle of this mode of 
operation consists in reintroducing a portion of the spent 
flue gases jointly with combustion air into the furnace. 
For this purpose flue gases are withdrawn at the boiler 
uptake or after the economizer where they have a large 
amount of their sensible heat. A typical water tube 
boiler installation equipped with flue gas recirculation 
is shown in elevation in Fig. 1. Operating experiences 
obtained with plants of this type differ considerably. 
While in some plants fuel savings amounted to up to 
10 per cent, in others either no savings at all, or even 
increased fuel consumption, was registered. A sys- 
tematic investigation of the underlying reasons 
responsible for these discrepancies appears to be called 
for, especially as literature on the subject contains 
contradictory and incomplete data. 

If a mixture of flue gases and combustion air, instead 
of combustion air alone, is passed through the fuel bed, 


the presence of the flue gas will cause a decrease in the 
temperature of the fuel bed and of the furnace, the 
reasons for this being : 

(1) The carbon dioxide contained in the flue gas 
reacts with the incandescent carbon of the fuel bed 
according to the reaction 


CO, + C + 2CO — 38,900 Cal/mol 


(2) The admixture of the flue gas increases the 
quantities of products of combustion. 

For the sake of greater clarity these two influences 
will be dealt with separately, and the following assump- 
tions will be made. 

The mixture of air and flue gas will be assumed to be 
replaced by a mixture of air and CO, having a supply 
temperature of 0 deg. C. This mixture will be denoted 
‘* primary gas.” Such a mixture could be produced by 


separating the CO, from the flue gas by some physical 
or chemical process and then adding it to the combustion 
air 


"Since the composition of the primary gas differs 












Fig. 1. Bent tube boiler with 
flue gas recirculation. 
(1) Air inlet. 
(2) Flue gas inlet. 
(3) Air flue duct. 
(4) Control per. 
(5) Fan. 
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Fig. 2. Flue gas composition. prstees of combustion (net) 
of bituminous coal of 7390 Cal/kg L.C.V. for different CO»: 
percentages of the primary gas. (Based on let b 

tion without excess air). 





from that of the air, the theoretical primary gas require- 
ments per kg of coal will be different from the theoretical 
combustion air requirements. Considering, for instance 
a coal having the ultimate analysis 


Cc = 77°67 per cent. 
H, = 4°72 ” ”» 
O, = 5°40 ” ” 
N, vi 116 ,, ” 
S a 1:00 ” ” 
H,O = DOU 35 55 
Ash = 610, 5 


the theoretical combustion air requirements will be 
Lmin = 8°0098 cu. m. N.P.T. per kg of coal. As will 
be seen from Fig. 2, the theoretical primary gas 
requirements will increase proportionally with the CO, 
content (or with a corresponding decrease in the O, 
content) of the primary gas. If the chemical reaction 
of the CO,»r content (CO, content of the primary gas) 
is neglected, an J—t diagram can be charted in analogy 
with the J—zr diagram for combustion with pure 
combustion air. Here it is J = Vip.t.(cpm)o' where 
(Cpm)ot is the mean specific heat of the products of 
combustion between 0 deg. C and the furnace tempera- 
ture. An J—t diagram for air as well as for primary gas 
containing 2 per cent and 5 per cent CO, respectively 
is shown in Fig. 3, where the dissociation of the CO, 
and H,O contents in the furnace are neglected. This 
diagram clearly shows that the substitution of primary 
gas for pure combustion air leads to a decrease in the 
furnace temperature, the decrease being proportional 
with the CO,» content. An J—tr diagram for a primary 
gas of 2 per cent CO, and different excess air ratios is 
given in Fig. 4. In this graph the influence of the 
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dissociation of the CO, and H,O contents is taken ‘nto 
consideration. As the combustion of coal in a boiler 
furnace does not take place adiabatically, the fur iace 
temperature given in Figs. 3 and 4 cannot be obtz ned 
under actual conditions. 

Referring again to Fig. 2, it will be seen that iz the 
presence of primary gas the theoretical furnace temp-ra- 
ture is below that obtaining with pure combustion air 
even if the chemical reaction of the recirculated C0, is 
neglected. 

The reduction of the CO, contents, which dep-nds 
upon partial pressure and temperature, produces a 
temporary additional cooling effect in the fuel bed, nd, 
with increasing CO, percentage, a point can be reached 
at which ignition of the fuel no longer obtains. The 
amount of CO, that can be admixed is therefore limited. 
At the same time the reduction of the CO, results in a 
shifting of the combustion zone into the furnace, which 
leads to a more uniform temperature distribution in the 
latter. However, this displacement of the heat release 
process is of advantage only in the event that it transfers 
heat release from unsuitable locations to more suitable 
ones. Whether or not the employment of primary gas 
is of advantage in a given furnace can, therefore, be 
judged only if the heat absorption conditions are 
known. If heat absorption is effected mainly by radia- 
tion, then a lowering of the combustion temperature 
will be disadvantageous, since radiant heat absorption 
takes place according to the formula 


7, \* f 
o- cen, | (2) —()'] oun 
100 100 


where T, is the absolute temperature of the idealized 
radiant body of the surface area F,, T, the absolute 
temperature of the absorbing body, C the emissive 
power, and 9,2 the angle factor. 

If concurrently with the use of primary gas the 
combustion speed of the carbon monoxide can be 
accelerated by some external influence to such a degree 
that its combustion takes place immediately above the 
grate, then an increase in the furnace temperature will 
result, which in turn intensifies the radiant heat absorp- 
tion. But in the case of a design in which the largest 
part of the heat is transferred by convection and 
conduction, an extension of the high temperature zone 
will be beneficial, and the employment of primary gas 
will therefore be advantageous. In combustion with 
primary gas the increase in radiation due to the larger 
CO, content is also important. It is this increase in CO, 
radiation which accounts for the greater steepness of the 
curve b, as compared to curve a,, shown in Fig. 5. 

The conclusions arrived at so far are based upon the 
tacit assumption that the CO produced by reduction of 
CO, is completely burned. In this respect, however, 
considerable difficulties arise in practice ; and an investi- 
gation of the influence of the presence of primary gas 
upon the combustion process is therefore called for. 

With regard to the attainment of satisfactory and 
uniform combustion, provision of an adequately 
distributed air supply is a matter of prime importance. 
In the case of a coal the ash of which has a low fusion 
point, the occurrence of temperatures exceeding the 
latter point may lead to the formation of compact slag 
formations which in parts are impervious to the air flow ; 
and this in turn will result in irregular combustion. 
Frequent stoking of the fuel bed will therefore be neces- 
sary. Moreover, unburned coal particles may remain 
enclosed in the slag. But if primary gas is employed, the 
temperature of the fuel bed is lowered, and if the 
admixture of CO, is sufficiently high, slag formation 
will be suppressed. Losses due to slagging will not 
therefore occur, or at least they will be minimized. 
From this aspect, the employment of primary gas 
indubitably presents an advantage. But should it 
happen for one reason or another that the CO produced 
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Bt Ba At ab therefore important to ascertain whether the employ- 
zx : = — ment of primary gas calls for a lower or a higher excess 
at=Cooling by dissociation in oxygen than is required with pure combustion air. 
Since the oxygen concentration in the primary gas 

b, is smaller than that in pure air, the probability of the 
occurrence of contact of an oxygen molecule with a 
carbon molecule is smaller. But as the O, concentration 
in the primary gas is only slightly smaller than that in 
| air—in fact, it is only one per cent less in the case of a 
g primary gas of 5 per cent CO, content—the employment 
fr al bed : of primary gas calls for but a slight increase in excess 
ele Ri weet oxygen percentage. Furthermore, since carbon is 
Fig. 5. Gas temperature drops through boiler. carried in the form of CO into the furnace chamber. 
a, a1: combustion with air. less carbon requires to be burned in the fuel bed. 
b, by: combustion with primary gas. Therefore, if the combustion of CO in the gas phase 
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éan be achieved by securing its reaction with the residual 
oxygen present in the furnace chamber, present that is, 
because of the excess of oxygen supplied, then a reduc- 
tion in the total oxygen supply is possible. Ifthe oxygen 
excess is decreased, the fuel bed temperature, may 
remain unchanged while the furnace temperature 
increases in accordance with the lowering of the oxygen 
excess. This gives the possibility of obtaining, in 
practice, an increased controllability of fuel bed and 
combustion chamber temperatures, thus allowing a 
better adaptation of the firing conditions to the fuel 
properties. 

If flue gas recirculation through the fuel bed is 
employed in a firing system operating with a given excess 
air ratio, the determination of the resultant cooling 
effect can be carried out in a manner similar to that 
given above for the case of primary gas admission. 
Cooling of the fuel bed or lowering of the furnace 
temperature does not, however, per se imply an increase 
in combustion plant efficiency. It therefore remains to 
investigate to what extent an increase in efficiency is 
obtainable in principle. 

It has been stated above that a combination of the 
combustion process with the introduction of primary gas 
enables a reduction in the excess oxygen supply to be 
made. A comparison of the system of flue gas recircu- 
lation with that of primary gas admixture shows that the 
former system requires the admixture of a far greater 
amount of gas if the heat release is to be shifted towards 
the furnace to the same extent as in the primary gas 
process. But this greater increase in gas supply re- 
quired, leads to a considerable reduction of the oxygen 
concentration in the air-gas mixture ; and this is 
reflected by the need for a greater excess in oxygen. 

Considering a coal having a lower calorific value 
(7300 Cal per kg) to be fired without excess air but with 
the recirculation of 30 per cent of the products of combus- 
tion, then the air-flue gas mixture per kg of coal will have 
the composition 


H,O 1:29 per cent = 0°218 cu. m. N.P.T. 

co, 2'57 rt} so = 0°434 ” 99 ” 
N, = 78°16 ,, » =13'174 5, 5 ” 
oO, = 1788 ,, ss = 3012 ,, 5 ” 


G, 4, = 100°00 per cent = 16°838 cu. m. N.P.T. 


This shows that the admixture of 30 per cent flue gas 
diminishes the oxygen concentration by almost 20 per 
cent. At the same time the amount of oxygen present 
is increased from 2°64 cu. m. N.P.T. to 3°012 cu. m. 
N.P.T., that is to say, the oxygen excess factor rises from 
1°6 to 1°8._ This increase in oxygen compensates for 
the reduction that obtains in the oxygen concentration. 
In fact, actual experiences have shown that no increase 
in excess air is required. On the other hand, if complete 
reaction obtains, 0°434 cu. m. N.P.T. CO, contained in 
the air-gas mixture are reduced to CO, involving a 
quantity of carbon amounting to C = 232 grams. The 
corresponding amount of CO produced in this way will 
then be burned in the furnace to form carbon dioxide, 
using up the excess oxygen which has passed unconsumed 
through the fuel bed. This means that the amount of 
combustion air to be supplied to the grate can be 
reduced by an amount corresponding to that required for 
the combustion of 232 grams C. Or, in other words, 
only 9°6 cu. m. N.P.T. of combustion air will be required 
as compared to 12°8 cu. m. N.P.T. required if no 
recirculation is employed. This corresponds to a 
reduction in the excess air factor from 1°6 to 1:°2. An 
excess air factor of 1°6 corresponds to 12°8 cu. m. N.P.T. 
of combustion air, while an excess air factor of 1:2 in 
combination with a recirculation of 30 per cent of the 
products of combustion corresponds to a combined air 
and flue gas quantity of 12°7 cu.m.N.P.T. This means 
that the quantity of pe admitted to the fuel bed is not 
increased, in spite of the fact that 30 per cent of the flue 
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ases are recirculated. The decrease in fuel bed and 
ice temperature, which would take place if re- 
circulation were to be effected with unchanged excess 
air ratio, will therefore not occur. Assuming ider tical 
stack temperatures for both modes of operation. the 
reduction in excess air effected will be equivalent to a 
reduction, by 25 per cent, in the stack loss. To what 
extent a change in the stack temperature may take place 
in the case of flue gas recirculation, will depend solely 


es 


270 





a 
as 
“~ . 


250 a ~ —— — = — OR et 
TEMP, OF PRODUCTS OF COMB. AFTER ECO. 
230 SI \/ 
P ao oe IN ag 

210 

22 
°; 

|, LK cog Os CONTENT OF PROD. OF COMB, AFTER ECO. 









































~ v 


18 


CO;CONTENT OF PROD, OF COMB, AFTER ECO. 


oO | es 2-4 © © 7 ~=8Shrs 


Fig. 6. Test results obtained on a two-drum boiler. 
with flue gas recirculation. 
———— without flue gas recirculation. 
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Fig. 7. Test results obtained on a bent tube boiler. 
with flue gas recirculation. 
———— without flue gas recirculation. 
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upon whether the resultant decrease in radiant heat 
transfer in the furnace will be compensated for by an 
increase of both radiant and convection heat transfer in 
the convection part. 

Losses due to unburned combustible gases originate 
from oxygen deficiency or insufficiently high gas 
temperature. Localised oxygen deficiency can prevail 
in a furnace even when flue gas analysis shows an overall 
oxygen excess to exist. Such local deficiencies will be 
caused mainly by the formation of large clinkers in the 
fuel bed. Since the employment of flue gas recircula- 
tion prevents slagging, or at least reduces it greatly and 
thus promotes the formation of granulated slag, this 
mode of operation is conducive to uniform air distri- 
bution in the fuel bed, thus minimizing the tendency to 
local oxygen deficiency. 

In the combustion of solid fuels in the presence of 
pure combustion air, the gases in the fuel bed and in the 
furnace still contain considerable amounts of combustible 
gas. Occasionally the complete combustion of the latter 
in small completely water cooled furnaces is found to be 
impossible of attainment, since the gas does not remain 
in the high temperature zone for a sufficiently long time. 
The formation of carbon monoxide, as it takes place 
with flue gas recirculation, may lead to a considerable 
increase in the amount of unburned combustible gases in 
the furnace. Moreover, the larger gas volume passing 
through the furnace leads to an increase in the velocity 
of the gases. But this further shortens the length of time 
for which the combustible gases remain in the hottest 
zone, and the probability that their complete combustion 
obtains is therefore further lessened. In the case of 
large furnace volumes, however, the increase in gas 
velocity because of the employment of flue gas recircula- 
tion, is relatively small, so that complete combustion of 
the combustible gases in the high temperature zone 


DETERMINATION OF GRAIN SIZE 
(From Jernkontorets Annaler, Vol. 130, No. 8, August, 1946, pp. 273-284, 


By B. D. ENLUND and G. SEHLBERG. 





remains unimpeded, provided of course that the required 
amount of oxygen is present and is properly distributed 
throughout the gas. Summarizing, it may be said that 
losses due to unburned combustible gases are increased 
in the case of small or highly cooled furnaces, while in 
large furnaces the complete combustion of combustible 
gases is not impeded by the employment of flue gas 
recirculation. 

It has already been mentioned that the admixture of 

excessive amounts of recirculated flue gas can lead to 
ignition troubles. In the case of travelling chain grate 
stokers, a recirculation of as little as 15 to 20 per cent of 
flue gas may cause difficulties. In stokers of this type 
equipped with zoned air supply, this drawback can be 
eliminated by omitting flue gas admission to the ignition 
zone. 
The effects that can be obtained with the application 
of flue gas recirculation to a particular boiler installation 
will depend upon the design features of the boiler 
concerned and upon the characteristics of the fuel fired. 
Comparative results registered with a two-drum boiler 
are charted in Fig. 6. Referring to this graph, it will be 
seen that the admixture of 11 per cent flue gas permitted 
a reduction in the excess air percentage as expressed by 
the increased CO, content of the flue gas. This led to 
an increase in the furnace temperature accompanied by a 
corresponding increase in radiant heat absorption in the 
furnace ; and because of the larger gas temperature 
drop in the boiler, less heat was absorbed in the super- 
heater and the economiser. Fig. 7 refers to a bent tube 
boiler. In this case, the recirculation of flue gas caused 
a decrease in furnace temperature, and the radiant 
absorption in the furnace was therefore diminished. This 
resulted in a rise in final steam temperature at the 
superheater outlet. At the same time the uptake 
temperature rose. 


SWEDEN 


IN MILD CARBON STEEL. 


9 illustrations.) 


A TECHNICAL research committee of the Jernkontoret 
concerned with the study of the influence of different 
factors upon the grain size in steel has made a new 
approach to the problem of defining grain size. The 
original Jernkontoret’s grain size chart was based on 
the tracing of an actual micrograph which was repro- 
duced in different magnifications. However, in 
practice it may possibly be found more convenient to 
use actual micrographs of mild steels. 

From a number of steels subjected to varying heat 
treatments specimens were selected, the grain sizes of 
which corresponded to the original Jernkontoret grain 
sizes Nos. 6 to 13. This grain size range will be found 
wide enough to cover the grain sizes encountered in 
mild carbon steel. 

An attempt was also made to use macrographs for 
the same purpose, and it was found that these will 
serve very well if a 5—20 magnification is used. A 
scale of macrographs was therefore proposed which is 
based upon the following steels :— 


Jernkontorets grain size No. 6: 0:2 per cent C 
steel, Si and Al desoxi- 
dized, normalized at 850 
deg. C 

» No. 7: 0-2 per cent C 
steel, Si and Al desoxi- 
dized, normalized at 950 
deg. C 


3 BS) 
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Jernkontorets grain size No. 8: 0-08 per cent C 
steel, Si and Al desoxi- 
dized, normalized at 900 
deg. C. 

No. 9: 0:10 per cent C 
steel, Si desoxidized, 
normalized at 900 deg. C. 

No. 10: 0:08 per cent C 
steel, Si desoxidized, 
normalized at 900 deg. C. 

No. 11: 0:08 per cent C 
steel, Si desoxidized, 
rolled, not heat treated. 

No. 12: 0:16 per cent C 
steel, Si desoxidized, 
rolled, not heat treated. 

No. 12: Bessemer steel, 
0-09 per cent C, rimmed, 
heated to 950 deg. C., 
furnace-cooled. 

No. 13: Bessemer steel, 
0-08 per cent C, heated to 
1200 deg. C., furnace- 
cooled. 


be) 33 39 


PP) ” 9 


This new macrograph scale should prove a useful 
addition to the original Jernkontoret grain size scale, 
particularly as the macrographs are derived from 
automotive and steam boiler steels. The two new 
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No. 12 





Grain size scales. 


Macrographs: Magnification 5 x 


scales are reproduced in the accompanying illustration. 

Finally, it may be mentioned that Jernkontoret 
grain sizes can be converted into corresponding ASTM 
grain sizes, with the use of the relationship 
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Micrographs: Magnification 100 x 


JKM grain size + ASTM grain size = 16. 
Theoretically the sum should be 17, but it has been 
found that the relationship given above is in better 
agreement. 
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RUSSIA 


CLOSED CHAINS OF GEARING. 


By Z. E. VAINER. (From Vestnik Machinostroenia, No. 1, 1946, pp. 7-12, 3 illustrations.) 


OnE of the few well known examples of a closed chain 
of gears is the James epicyclic reduction gear, Fig. la, 
but it can only be regarded as a very simple “ special 
case”? even though it requires some care to ensure 
proper meshing of the teeth, 

The general case of four or more gears, as shown in 
Fig. 1b, hardly ever occurs in practice because the 
meshing presents considerable difficulties and none of 
the text-books indicates how such trains can be 
calculated. 





Fig. la. Fig. 1b. 


A typical example of the way in which economies 
could be effected by the use of closed chains of gears 
is shown in Fig. 2, which represents a multiple-spindle 
drilling head. Scheme I—the usual arrangement— 
requires extra area and additional gears. Scheme II 
achieves reduction of area but has the disadvantage of 
having a ‘* double-decker ” arrangement, while Scheme 
III effectively uses the “closed chain” principle to 
reduce both space and the number of gear-wheels. 

The absence of a recognized method of calculating 
such trains, however, is a big handicap for the designer, 
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who, in practice, is forced to exclude all but the simplest 
type of train. Such rules as can be found in the text- 
books, with reference to the James and similar gears, 
are very vague and often quite unnecessarily constructive 
as will be shown below. 

The closed chain must contain an even number of 
wheels (four or more). In the illustrations, heavy lines 
indicate those parts of the contact arcs which form the 
** closed chain ” proper—the complete system, of course, 
may contain an odd number of wheels as in Scheme III 
which comprises two interlocked closed chains and four 
other wheels which are entirely free 

Let us consider a general case of four wheels, Fig 3. 
To determine the necessary condition for meshing, 
imagine wheel 4 rolled over wheel 1 to the point of 
contact of 1 and 2, then along 2 (on the inside of the arc) 
to its contact with 3 and so on to its starting position. 
The total angle of rotation of 4 will be :— 


r; uP) Ur \ 
71 +1) +¢s —1) +s — 
"4 "s Ys 


If the total arc, represented by this angle, is a 
whole-number multiple of the pitch, then wheel 4 will 
be able, on completing the journey, to come back into 
mesh with 1. If this condition is satisfied, all four 
wheels can be assembled together in the positions chosen 
and will mesh correctly. 

In order to get a design formula for this condition it 
is only necessary to multiply the above angle of rotation 
(in radians) by r, and to equate the arc so obtained to 
the base pitch t, multiplied by a whole number K :— 


[oi(ri + rs) + G2 (r2—1a)+ %s (73+14)] Cos & = Kty (1) 
where « is the pressure angle. 

Dividing both sides by t) = 7 m cos « (where m is 
the module and z the number of teeth) we get 


Pi P2 
(2, + 24) + 
ar 2a 
If the chain is partly symmetrical, i.e. contains two’ 
wheels of equal size opposite each other, say z, = 2,4 
the equation is simplified to :— 


3 

















(a2) +> te =K @ 


1 
—— (2; + %) + @Gitzj=K .. @ 
7 7 
If there are two pairs of similar wheels opposite each 


other we get, simply :— 


(4 +2) =K a 








27 
where either ¢,; or y, can be substituted for 9. 

It will be noted that the actual number of teeth in 
each link of the chain is not the determining factor ; 
it is the sums and the differences of the numbers that 
count. 

Obviously, it is not always possible, with given 
centres and using standard teeth, to get the required 
mesh without applying “ corrections.” But the same 
applies to ordinary “ open ”’ trains of gears where the 
difficulty is overcome either by using helical gears or by 
using the “ correction ” procedure. 

The general rule for a multiple chain as in 
Fig. 1b is :— 

Pr Pe oe 
——(z, + 2n) + — (22.—2n) + — (23 + 2n) +... 
7 2n 7 


Pn-2 Pn-1 
(Zn-2 — Zn) + : (gn. + 2n)= K (5) 


7 





«+ 





2n 
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TABLE 1. 
1 — 
Trial No. if 2 3 4 5 
Zi + 2% 54 49 44 39 34 
2A14 _ 
m4 = 2:0174 | 2:2233 | 2:4759 | 2°7933 | 3-2041 
21 + 24 
23 + 24 65 59 53 47 41 
2As4 
m3 = 2:0169 | 2:2220 | 2:4736 | 2°7894 | 3-1976 
23 + 24 





Ps 
ees + + tee + 00 
2n 2n 


28-0183 | 25°4278 | 23°8981 | 20°:2471 | 17-6568 








Fig. 3. 


AK 0-:0183 | 0-4278 | 01019 | 0:2471 | 0°:3432 





Ato = 4Kz m cos 20 deg. 0-116 2:986 0°792 2:166 3°446 




















Returning now to the special case of the James gear 
we get a symmetrical chain with stage 3 concave, i.e. 
from (3) we get :— 


1 P3 
—— (2; + 24) + —— (23 — 2,4) = K 
2n 27 

But 9, = ¢, therefore :— 


P 
ni (2, + 25) = K 


2n 
If the number of “ planets ”’ used is n, 
2n 
gy = —— and z, + 2, = Kn 
n 


ice. the only conditions for correct meshing is that 
the sum of the teeth of the two concentric gears should 
be equal to the number of satellites multiplied by a 
whole number. 

The following two examples are from actual in- 
stallations (multi-spindle drills). 

Example 1. A four wheel closed chain with both 
pairs of opposing wheels symmetrical. The distance 
between centres of adjacent wheels given by A = 
137:074 mm., angle between pitch points on the bigger 
wheels, p = 82 deg. 4’ 50” = 1°43259 rad. 


7 
——(2,+2,)=K 
7 


From (4) 


K 
———~ = 0°456006 
2) + Bq 
Putting one end of a slide rule scale opposite this 
figure we can easily pick out and write down in tabular 
form or set of pairs of whole numbers i.e. 
K 47 41 36 31 
2, + 2% 103 90 79 68 
2A 





module m’ = - 2°66 3°0461 3°4702 4:0316 
21 + Bs 

Deviation from standard module is smallest in the 
last case, and it is, therefore, chosen as requiring the 
least correction in the cutting. 

If we take m = 4 and a cutting tool angle of aq = 
20 deg. then the pressure angle in the gear will be :— 

2 + 2% 
cos % = m COS Ga 
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68 
x 0°939693 = 0°932330 








cosa =4x 
2 x 137:074 


and « = 21 deg. 11’ 54’ 
The total correction coefficient 


1 1 zy +- zy 
— (— - —) ba tion 
a Gas 2+ Oa 
This total correction coefficient can be subdivided 
between the wheels into k, + k, provided that 


k, +k, =ks 


Example 2. Four-wheel train with one pair of 
wheels symmetrical. Centre distances given as :— 
Ay = Ay, = 5447 mm. 
Ags = Ax = 68°55 mm. 
= 95 deg. 27’ 10” = 1°66595 rad. 
g3= 75 deg. 52’ 50” = 1°32435 rad. 


For strength, module of teeth to be not less than 2. 
The numerical evaluation is shown in Table I. 


We were given that 
2,+2,4 Ay 54°47 


=—= = 0°83097 

23 +24 As, 65:55 
which enabled us to find suitable runs of teeth and to 
check their correct meshing by equation (3). 

In working out tooth interference 4f, it is essential 
to multiply the “ integer error”? 4K by the smaller of 
the two modules, leaving the difference to be taken up by 
side clearance. 

It will be seen that, of the various “ trials ”” worked 
out, No. 1 is best so that the standard module of 2 can 
be used. 

Having chosen Trial 1, it remains to work out 
pressure angles between z, and z, and between z, and 2. 
If they do not happen to prove identical, a common 
angle must be chosen and distances between centres 
re-calculated accordingly. 

In the general case of four wheels of different 
diameters, it is inconvenient to operate with the factor 
(z, — 24) which occurs in equation (2), as that would 
require a knowledge of, or guess at the number of teeth. 
This difficulty can be overcome, however, by writing 

Bq — Sq = (21 + 22) — (2, + 2%) 
and so keeping to factors which are proportional to 
the distances between the centres. 








THE ENGINEERS’ DIGEST 








loa 


TI 


or 


br 


or 


loz 
ble 
ref 
us 
de 
dis 


or 


los 
an 









ded 


of 


ut 


res 


ont 
tor 
ald 
th. 








a 





e 


SWITZERLAND 


OPTIMUM BLADE PITCH FOR TURBO-MACHINES WITH SPECIAL 
REFERENCE TO BLADES OF GREAT CURVATURE. 


By O. ZWEIFEL. 


(From Brown Boveri Mitteilungen, Vol. 32, No. 12, December, 1945, pp. 436-444, 11 illustrations.) 


(Continued from November issue.) 


The resulting tangential force Tia per unit length of 
the blade would be : 


(11) 


The actual tangential force from eq. (1) and eq. (4) is : 
T = p.Wn (wot — wt). t (12) 
Then, by definition, the coefficient of aerodynamic 


p 
Tia = —w,".5 
2 





T 
loading fy = — 
id - 
Thus, 
Wn. (Wet — Wit) st 
%p = 2, ——————c“~.-— (13) 
WwW,” b 
or expressed by the angles : 
t 
by = 2.sin?f, . (cotan 8.—cotan f;) . - : (14) 
or 
sin? B,.sin(B,—f,) ¢ 
vy = 2. .- .. (14a) 
sin B, b 


For blade rows of great deflection as found in steam 
turbines, it is convenient to refer the coefficient of 
loading to the tangential force T, as, in this case, the 
blade width is a characteristic dimension. Instead of 
referring to T, the lift A and the blade chord s can be 
used as being more useful for aerofoil cascades of small 





deflection. The aforementioned “ideal pressure 
distribution ” then results in a lift Aiq of the magnitude 
p 
Aja = —.W,”.5 (15) 
2 
A 
Again, by definition %, = p*. where A is given by eq. (1). 
id 
Then, 
Won (Wat—W,t)  t 
gD (16) 
W," s 
or expressed by angles : 
sin 7B, t 
$e 2.. . (cotan B.—cotan B,). -.. (17) 
sin Boo s 


A comparison of the two coefficients of aerodynamic 
loading is best afforded by their quotient from eq. (13) 
and eq. (16) 





br Wn S§ 
fa Wo 6 
which by using eq. (4) reduces to 
br s 
—_—=-— ar ae (18) 
wa s’ 


The magnitude of this ratio of two chords can be 
assessed from Fig. 1. For retarding cascades yr is 
generally somewhat smaller than ¢, ; for accelerating 
cascades #7 is greater than %,. Aerofoil characteristics, 
generally given by a cascade polar Ca = f (Cw) now 
require replacement by %a = f (Uw), where %w, referred 
to w,, replaces Cw which is based on wg. 


“he drag-lift ratio remains unchanged 
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bw Cw 
e=— = rie ea (19) 

Pa Ca 
It will now be shown that the values of %; and ya, are 
of the same order for all inlet and discharge angles at 

optimum pitch, while C, varies greatly. 

For very small deflection of flow, 4, according to 
eq. (16) becomes identica] to Ca, according to eq. (6), 





s 
while yy = Ca — from eq. (18), differs slightly. 
s’ 


Of special interest is the impulse blade row with 
great deflection of flow as in this case Briling’s con- 
dition is known. Again cotan 8, = —cotan f, and 
sin Bg = 1 so that with eq. (17) 


s 2 
- = — .sin 28, (20) 
t Pa 

and with eq. (14) 
b ? 
- = —.sin 26, (20a) 
t br 


It is remarkable that these equations are identical 
with eq. (9) for %a = Yr = 0°8, and with eq. (9a) for 
%a = %y = 1:0. In other words, Briling’s experience of 
optimum values is confirmed, and the coefficient of 
aerodynamic loading is constant for all.angles. 

The wider range. of cascades where the velocities and 
pressures vary greatly from inlet to exit requires further 
investigation. 

Such an analysis has been undertaken by the author 
who has replotted measurements made by Keller (?) and 
Christiani(*) as a function of ya, and in a series of 
tests made in the Brown Boveri laboratories, as head 
loss coefficient against #7. 

The author’s conclusion, based on these diagrams, 
is that within the wide range investigated and covering 





(4) CHRISTIANI: ‘‘ Experimentelle Untersuchung eines Trag- 
fliigelprofils bei Gitteranordnung ”, Luftfahrtforschung, Vol. 2, 1928, 
p. 91. 





Variation of permissible lift coefficient within- 


Fig. 5. 
™ creasing deflection. 
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Fig. 6. Conversion of lift coefficients Ca; of single aerofoils 
to lift coefficients Ca in aerofoil cascades. 


all practical cases, for all optimum duty points, the 
values ya and yy are almost constant, and therefore, 
eminently suitable for determining the optimum blade 
pitch. 

The coefficients of aerodynamic loading obviously 
depend on the Reynolds’ numbers; but experience 
shows that they are dependent on the flow angles to no 
lesser degree. 

In Fig. 5, the ratio Ca4/, is plotted as a function of 
the deflective ratio 4w:/we and of the mean angle of 
flow By. As the optimum value of ¢, is almost con- 
stant, the diagram shows the variation of the optimum 
lift coefficient C4. 

The application of test results carried out on single 
aerofoil sections is of great importance to the designer of 
cascades of aerofoils. In the whole existing literature, 
Ca-values are based on wg ; therefore the ratio of 
the lift coefficient of the cascade to the lift co- 
efficient of the single aerofoil has been plotted in Fig. 6. 
This is but our enlarged part of Fig. 5, since, for the 
single aerofoil, Cag = Ca, = Ya. These results, however, 
do not agree with those published by Numachi(®), who 
suggests identical values for both accelerating and re- 
tarding cascades. After consideration of the foregoing, it 
should be of interest to visualize what an optimum blade 
row should look like with reference to its pitch, for vari- 
ous inlet and exit angles. This has been shown in Fig. 7, 
which is a plot of eq. (14), and in Fig. 8, which shows 
various rows of blades with constant width and constant 
%; = 0°8. Two fetaures of the new optimum condition 
are noteworthy. First, in a cascade of blades it is not 
possible to interchange the directions of inlet velocity 





~ (5) NuMACHI: “ Airfoil Theory of Propeller-Turbines and 
Pumps”. The Technology Reports of the Tohoku Imperial Uni- 
versity, VIII, p. 411. 
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Fig. 7. Relation between the ratio of cascade width b and 
spacing t and the inlet and outlet angles 6; and f2. 
———_ accelerating cascade 
—-— ee retarding ” 
yee a impulse row. 
with discharge velocity without changing the pitch. 
This can be seen from Fig. 8 where, for instance, the 
optimum pitch of the blades with 8, = 30 deg. and f, = 
60 deg. is about one third of the pitch with 8, = 60 deg. 
and B, = 30 deg. Second, it is by no means the case 
that the pitch is the smaller the greater the deflection. 
This is well demonstrated in Fig. 8 where, for instance, 
in the case of 8, = 90 deg. and B, = 45 deg., the pitch is 
smallest ; for smaller deflections, and, it is remarkable, 
also for larger deflections, the pitch is increasing. 
For pure impulse blading conditions are analogous 
as can be seen from the chain-dotted curve in Fig. 7. 
This has also been mentioned when discussing Briling’s 
rule. 


III. APPLICATION TO GENERAL TURBO- 
MACHINE BLADINGS. 


Previous chapters dealt with two-dimensional in- 
compressible flow applied to straight rows of blades. In 
the following the results have been extended to cover 
compressible flow in a general direction when the 
velocity triangles of inlet and discharge are not in the 
same plane. This is shown in Fig. 9, where w,n and 
Wen are the meridian components of the flow, per- 
pendicular to the peripheral velocity (the velocity 
triangles are shown turned into one plane). The 
continuity condition for the mass flow requires 

27R, hy py Wyn = 27Ry hy pz Won . (21) 

If, in a moving blade row, the peripheral velocity 
from inlet to discharge changes, the change of the 
absolute momentum does not equal the change of the 
relative momentum. The change of momentum of the 
absolute flow is then equal to the torque acting on the 
blade row 


M = 22 Rg he po Wen [Re (Wat—uz)—R, (Wy —4;)] (22) 

The torque due to the “ ideal pressure distribution ” is 
p 

MeseBwuwet . a 

where z is the number of blades, S the static moment 

Jr . af of the blade area in the meridian plane. (This 


area is shown in Fig. 9. S also equals Rs.F where Rs is 
the radius of the centre of gravity of area F). 
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Fig. 8. Survey of all cascades with optimum pitch. 


The coefficient of aerodynamic loading is now 
M 4nR, hy Wen 
by = 


= | Riou) -Rie—u) | 
or by using eq. (21) 





Mia 2.5.07 














4x Rh, Wen? Pwo 
t=—. [ = 
Zz Ss We” Won 
R, Wn Wt U2 (= ) 
_—. 4 = (=-1)] (24) 
R, Wen Wn Wen \R,? 


and expressed by angles 
4r R,?h, 

i=—. -. sin? 8, | cotan B, — 
iz Ss 


R, Mn up /R?° 
—_--—. . cotan B, + —-—1 (25) 
R, Wen Wen \R,? 


This relation holds quite generally. Care should be 
exercised in choosing the correct signs to cotan f, 
cotan £, and u, in order to avoid contradiction to the 
assumptions of Fig. 9. If 8, is always taken as an acute 
angle (as in the present paper), then, in certain cases, u,. 
must have a negative sign. Should, for instance, c. lie 
to the left of w, in Fig. 9, u, would have to be negative. 











For the case R, = R,, eq. (25) reduces to eq. (14) 
with S = R,.h,.band 27 R, = z. te. 

For fixed blade rows (guide vanes) eq. (25) is 
equally applicable. In this case u. = 0, and the angles 
of absolute flow are to be substituted for 8, and B.. 
































Fig. 9. Radial section through moving blade row. 


GERMANY 


THE DEVELOPMENT OF LIGHT-CONSTRUCTIONS 
ALL-STEEL LATHES. 


By W. Mésius. (From VDI-Zeitschrift, Vol. 88, No. 21/22, May 27, 1944, pp. 277-286, 48 illustrations. 


PREVIOUS tests with welded beds of lathes were confined 
to imitations of cast iron construction in steel. Only 
a few practical results were available from other 
machine tools of welded construction upon which new 
lathe designs could be based. The only successful 
application of welding was found in surface grinding 
machines. Experience gained on power presses cannot 
be applied to the construction of lathes because the 
welded: frames of these presses were designed with 
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regard to strength only, while in the case of lathes, first 
consideration should be given to the saving of material, 
i.e. to economical questions. 


EXPERIMENTAL LATHE WITH 165 mm. 
HEIGHT OF CENTRES. 
A design was developed deviating from C. Krug’s 
“ cell-construction.” The bed was mainly built up 
with regard to strength and rigidity using Mannesmann 
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Fig. 1. Lathe of 165 mm. height of centres with tubular 
steel bed. 


tubes of 7 mm. thickness onto which the guide strips 
were welded (Fig. 1). 

This experimental lathe, with a bed of steel tubes to 
which other parts made of cast iron were fitted, did not 
show any a in respect to rigidity, nor were 
any technical difficulties or economic drawbacks 
experienced in their manufacture. 

Subsequently an all-steel construction was developed 
avoiding the “cell-construction” but using a box 
design, strengthened, where necessary, by means of 
ribs or walls. 5mm. mild steel was used as 4mm. 
steel, which would have been sufficiently strong, could 
not be obtained. This fact should not be overlooked 
when considering the saving of material. 

The usual shape with rounded corners could be 
adhered to without difficulties in production and without 
increasing the costs in comparison with cast iron design. 
On the contrary, the thinner steel walls proved to be of 
considerable advantage ; it was easier to work adjoining 
faces true to size. 

The lathe was built in seven months from the first 
design lay-out to the end of the delivery test, which was 
carried out without any deviation from the normal test 
procedure with machines on cast iron beds; the same 
results were obtained. 

The lathe is driven by a 5:5 h.p. motor with a 
maximum speed of 1,500r.p.m. No excessive vibration 
or noise was observed. The weight was 12 per cent 
less than the weight of a corresponding model in 
cast iron, notwithstanding the use of steel sheets of 
5 mm. thickness instead of 4mm. sheets which would 
have been sufficient. 


LATHE OF 370mm. HEIGHT OF CENTRES. 


Subsequent to these satisfactory experiments a 
similar tube construction was developed (Fig. 2) 
having the following dimensions :— 


Height of Centres 370 mm. 
Centre distance . 4,000 mm. 
Swing over cross slide 450 mm. 
Swing over bed -- 800mm. 
Swing up to 580 mm. length from 

face plate .. .- 1,050 mm. 
Spindle speed (without steps) 12 to 400 r.p.m. 
Drive .. 25 h. 


At the same time a second lathe was built based ‘on 
the experience gained on the “Discus” grinding 
machine with a steel bed of “cell-construction” 
(Fig. 3). To allow of a fair comparison, a third lathe 
of the usual cast iron construction was built. The 
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distance of 4,000 mm. between centres was chosen 
with a view to examining the static conditions durin 
transport. 

Despite the use of different ideas in the design of th» 
beds, the superstructure on the two all-steel lathes w>s 
of orthodox design. Novel ideas were used for tie 
protection of the guide strips and leading screw. Ca 
the tubular lathe the turnings were directed by a 
guarding device over the rear guide; along the tubular 
surface of the bed into a separate container. The cells 
of the “cell bed” lathe were arranged with spaces 
between them, leaving room for chip disposal. In 
this respect the tubular lathe proved to be superior to 
both the “ cell bed ” and the cast iron construction in 
which the turnings were retained in several recesses 
from which their removal presented some difficulties. 

Only commercial steel sections were used for the 
construction of both the steel-bed lathes. The entire 
length of the base was used as a container for the coolant 
and was covered. Further details of the construction 
of the two all-steel beds may be taken from Figs. 6 and 
7 respectively, whilst Figs. 4 and 5 illustrate the cutting 
forces working on the cross-sections of the beds. The 
tubular bed obviously has the advantage of a larger 
moment of resistance against twisting whilst the 
resistance to bending can be considered as almost equal 
in both cases. 

The usual recess in front of the face plate is not 
feasible in lathes with all-steel beds; therefore the 
carriage slides were lowered. This results not only in 
improved manipulation of the lathe and easier main- 
tenance of the accuracy of the guides but also in 
simplification of production and storage. 

For headstock, carriage, and tailstock of tubular 
lathe constructions the use of the “‘ cell scheme ” was 
avoided. The headstock, Fig. 8 for instance, is built 
up from thin gauge sheet, ordinary gas pipes and 








Fig. 3. Cellular steel lathe of 370 mm. height of centres. 
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pon , cost between steel and cast iron con- 

hh ea Ps ie, struction are negligible as far as the 
beds, etc., are concerned, whereas the 
weight of the first is about half the 
weight of the second. For other parts 
such as headstock, tool rest, tailstock, 
the comparison gives different results. 
It has to be considered, however, that 
through mass production methods, the 
price of the steel construction could be 
lowered considerably. 


WORKSHOP TESTS. 


Various test pieces of different 
weight and requiring all kinds of 
machining operations did not show any 
different reactions on any of the three 
lathes. The tubular all-steel lathe has 
been used since 1939 for high precision 





















{ ) a Tae: work and the all-steel lathe of “ cell- 

= EE) construction” for roughing connecting 

. , : rods, whilst the cast iron lathe is 

Fig. 4. Cutting forces acting upon the Fig. 5. Cutting forces acting upon the working in another works on machine 


cross-section of a tubular steel bed. cross-section of a cellular steel bed. 


production. The accuracy and effi- 
ciency of all three lathes are satisfactory. 


STATIC AND DYNAMIC EXAMINATIONS. 


The effects of static loading were measured on the 
following three machines: (1) a cast iron super- 
structure on a tube-shaped steel bed; (2) a tubular 
all-steel lathe and (3) an all-steel lathe of “ cell- 


its hubs from thick walled tubes or solid round bar iron. 
For the purpose of comparison the headstock of a lathe 
with tubular bed is added where flat bars and cast iron 
strips are used (Fig. 9). 


COMPARISON OF WEIGHTS AND COSTS. 
From Table 1 it can be seen that the differences in 
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Section A-B Section C-D Section E-F 
a Ai ‘ 
© 
= pT _ u 
= : ! dt 4t----- 
Fig. 6. Tubular steel bed. Fig. 7. Cellular steel bed. 
TABLE 1. Gross weights and “— of cast iron and steel parts of a lathe of 370 mm. height of centres 
mm. distance of centres. 
Cast iron Experimental lathe 
lathe with tubular steel bed and | Experimental lathe of Experimental lathe of 
jmanufac-| castiron super-structure | tubular steel construc- cellular stee! construc- 
tured * compared with I |__t tion compared with I tion compared with I 
series — —— 
Surplus lea | Savings Savings 
Weight | Cost | | Weight | Costs Weight | Costs 
kg | RM! kg | RM| per cent | per cont | kg | RM! per cent |per cent | kg kg | RM per cent | per cent. 
Bed om a a 
igs “s 4170|1450|4700|2600| 12:7 70 [2200 an 50 0 2047|1675 50°5 — 145 
il basin 
—— es 1125) 3941130) 402 05 2 550, 1053 51 — 167 | 510) 425) 545 | — 79 
over o re 
Gear guard .. ee 40; 14 40 ng _ 507 40 95 _— — 580 40| 95 0 —580 
Feedbox ..  .. 195| 68} —|—| — — j-|-| - — |-—|-!| —- 
Tool rest oe ee 297| 104) 154 mm —48 —45 | 174, 57) 41 | 45 | 174; 57 41 45 
ww hl ae 398) 130 —12 | —18 | 245,285 45 |  80| 207 160 54). 0 
Tailstock oe 340) 120 301) 1271 15 6°0 254 305) 31 — 155 | 183) 160 4 | —33 
Steady rest .. | 262 92) 271 88} 35 —43 | 186 258| 29 — 180 | 164) 132 375 | —43°5 
Total ee \6879|2409'7084 3499) 3 45 13549 3503) — 12 
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Section AB 





superiority of the tubular over the 
“cell”? construction. The chip dis- 
posal is easier on the tubular lathe, bu. 
the “cell” design could certainly b 

improved in this respect. 

The total length of welding seam; 
is shorter on the tubular lathe. Heac- 
stock, tool carriage, and tailstock could 
also be built in tubular construction, 
: but, though it is unlikely that the best 


Section CD 

















Fig. 8. Spindle box in tubular structure. 


Section A-B 














Fig. 9. Spindle box in cellular structure. 


construction.” The deflections due to a load of 
500 kg. are shown in Fig. 10. The deflection of the 
rear guide of the bed was smallest on the all-steel 
tubular lathe. Similar results were obtained when 
applying other loads. The examinations included the 
measuring of deformations of the bed when tightening 
the tailstock screws. 

Vibrations and critical speeds were measured by 
means of a vibrometer and of a Heymann vibrograph, 
all machines running idle as well as under load through- 
out the whole speed range. When running in the region 
of critical numbers of the stepless drive, vibrations 
across the bed were larger than in a vertical plane ; 
the same applies to the carriage. At maximum speed 
the vibrations across the headstock were largest. 

The vibrations in the cast iron construction were 
more or less of the same magnitude in all directions 
whilst in both all-steel constructions horizontal vi- 
brations across the headstock were more pronounced. 
On the other hand, vibrations of the tubular all-steel 
lathe were the same as those of the cast iron construction, 
whereas the working of the “ cell ” lathe-bed showed 
more favourable results with respect to vibrations in a 
horizontal plane. Similar results were obtained for 
horizontal measurements in a longitudinal, and also 
for measurements in a vertical direction. When running 
under maximum cutting pressure, the same intensity of 
vibrations was recorded on the beds and on the carriages 
of the three different constructions. 

The figures taken on the headstock, however, were 
not satisfactory, but definite conclusions should not be 
drawn from these figures as the investigations are not 
yet completed. 


CONCLUSIONS. 


The static and dynamic investigations, as far as 
they can be considered conclusive, show a definite 
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design has yet been found, it can be 
stated that probably the “‘cell”’ construc- 
® tion is more advantageous for these parts. 

Present experience justifies the pro- 
duction of lathes in combined construc- 
tion, i.e. beds of steel and superstructure 
of cast iron. Further development, 
especially of the heavy parts of the 
superstructure will probably lead to 
further developments of steel construc- 
tion. In any case there exist, in principle, no insuperable 
difficulties to develop all-steel lathes, neither for the 
designer nor for the workshop, even when greatest 
accuracy is required. On the contrary, the steel design 
using the arc welding process, opens a new field to the 
machine tool designer. As soon as he has grown out 
of the customary concept for cast iron lathes, the all- 
steel construction of machine tools can make a successful 
start in manufacture. 
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Fig. 10. Deflections under a static load of 500 kg. 
Figures in 1/100 mm. 
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COMPUTATION OF CIRCULATION IN STEAM BOILERS. 


By K. F. Roppatis and V. A. LoKsHIN. (From Izvestya Vsesoyuznogo Teplotechnicheskogo Instituta, Vol. 15, No. 4/5, 
1946, pp. 16-28, 12 illustrations.) 


THE problem of calculating the circulation in a steam 
boiler consists in establishing and solving the equations 
determining the movement of the liquid in the boiler 
circuit. According to the basic equations in any boiler 
circuit the sum total of the hydraulic resistances equals 
the head developed, that is 


iw te... « @ 


and the amount of water passing through the boiler 
circuit is constant, that is 


Geircuit = constant. oF aes 1) 


As the circulation is bound up with the heat absorb- 
tion of the boiler, the accuracy of the computation must 
naturally be affected by inaccuracies incurred in the 
determination of the heat absorption. The difficulties 
encountered in establishing and solving the equations 
for the circulation are due to the difficult determination 
of the head N and to the lack of accurate data concernin 
the various hydraulic resistances of the circuit. As will 
be demonstrated below, the most successful mode of 
approach to the solution of the problem consists in 
determining the effective head causing flow rather than 
the entire head prevailing. 

A considerable influence upon the head causing 
circulation, or better said, upon the specific quantity of 
steam-water mixture flowing through the circuit, is 
exerted by the relative velocity wr of the steam, the 
direct determination of which offers great experimental 
difficulties. The specific gravity of the two-phase mix- 
ture is a function of the factor 


ge=— .. ae vm) 
f 
where fn is the portion of the tube area occupied by the 


m. dy? 





steam, f = is the full tube area, and ¢ is given by 


4 
Yn 
Wr ++ wel l—— }+ wo 
Yw 


= =f 


2 wr 
1 Yn = 
+— orm (1—2 + +4 ur we (4) 
2 wr Yw 


where w; and wo signify the flow velocity of steam and 
water respectively, while yn and yw are the respective 
specific gravities. The density of the steam-water 
mixture in a small length of tube d/ can be expressed by 


¥ = yw — P(¥w— yn) [kg/cu.m.] -» 6) 
so that 








1-¢ 
Yav -—| ydl [kg/cu.m.] .. -. (6) 
° 


On the basis of this average value for y, the head per m. 
tube length will be 


1 fl 
N= mn ——| ydl [kg/cu.m.] sa @) 


From this it will be seen that even the use of experi- 
mental data does not allow of an exact determination of 
the functionality of y or wr. For practical purposes it 
is therefore necessary to use the effective head instead of 
the total head. The effective head is given by 


N’ = I (yw — Yav) — 4Pmp — Space «.. (8) 
were 4pmp is the loss in head due to friction and Apace 
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is the loss in head due to the acceleration imparted to the 
steam and water mixture. This effective head can be 
ascertained by experiment with comparative ease if the 
specific weight of the water is known and if the pressure 
-— is measured by means of a differential gauge. The 
atter 1s 


Apmeas = 1 (y’w — yav) — Apmp — 4pace .- (9) 
and the specific head per metre tube length is therefore 


Apmeas — | (yw’ — yw) 
Nsp = ; [kg/sq.m./m.] .. (10) 
In the investigation of boiler circulation, usually the 
heat absorption is also determined and the steam velocity 
can therefore be computed. The velocity wo with which 
the water enters the generating tubes can be determined 
either directly or indirectly from the throughput through 
the circulating system. Thus, if the pressure drop over 
a given tube length has been ascertained and if wo 
and w: have been measured, then the relationship 
Nsp = ¥ (wo wt) can be established. Furthermore, by 
conducting the tests at various pressures p and with 
various tube diameters d; and tube slopes « the relation- 
ships Nsp = ¥ (p),; Nsp = Y2 (di), and Nsp = Ws (x) 
can also be determined. These data complete the - 
information required to carry out the computation of the 
boiler system. Finally, the aforementioned functionality 
Nsp = ¥ (wo wt) makes it relatively easy to take into 
account the influence of the auto-evaporation of the 
water caused by a decrease in hydrostatic pressure. As 
will be seen from formulae (8) and (10), the decrease in 
absolute pressure over a given tube length is given by 
Ape = hg (yw — Nsp) + Apiocar [kg/sq.-m.] (11) 
where hg is the geodetic height in metres of the tube 
length under consideration and Apjocai in kg/sq.m. is 
the loss in head due to local flow resistances in the length 
of tube concerned. Once the decrease in absolute 
pressure is known, it is easy to compute the amount of 
steam generated by auto-evaporation. Assuming the 
latent heat r to remain constant, the amount of steam 
generated will be 





Apg . Sip 
AD = (G — Di) ————_ [kg/sec.] .. (12) 
r. 10° 


where G = wo. f . yw is the amount of water passing 
through the tube in kg. per second, D) is the amount of 
steam produced by heat absorption in the tube, and dip 
is the variation in the heat content of the water in Cal. 
per kg. for a pressure change corresponding to 1 m. 
water gauge. 

The method recommended by the authors for the 
computation of the boiler water circulation consists of 
four stages, to wit :— 

1. Preliminary computation. 

2. Determination of the effective head causing 

circulation. 

3. Determination of the hydraulic flow resistance. 

4. Charting of circulation diagrams and establish- 

ment of the characteristics of water circulation 
in the boiler. 

1. As the water entering the riser tube must first 
be heated to boiling point before evaporation can occur, 
a certain length of tube will serve as preheating or 
economiser section. From the given heat absorption 
data this tube length can be found as 


Aqvu—Agon+(Hyw —Apon —Apeou) Sip . 10°4 





ec™= [ 
g/G + [sin « + (A wo?)/(di. 2g)] yw tp . 10° aa 
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where 4g» in Cal. per kg. is the amount of heat required 
to raise the entire amount of circulating water to the 
boiling point corresponding to the pressure prevailing 
in the upper drum. If a steaming economiser is used, 
it will be 4gn = 0. 4gon in Cal. per kg. is the heat 
content of the water in the downcomers ; H is the 
vertical distance from the inlet of the riser to the centre 
of the boiler drum in metres ; Aon is the flow resistance 
of the downcomer ; 4Pcou in kg. per sq.m. is the flow 
resistance prevailing i in the bottom header to which the 
riser is joined ; 4p in Cal./kg./atmos. is the variation 
in the heat content of the water if the pressure is in- 
creased by one atmosphere ; yw is the specific gravity of 
the water in kg. per cu.m. at boiling point ; qi is the 
specific heat absorption in Cal. per m. of the preheating 
section of the riser tubes ; G is the amount of water 
circulating through the risers in kg. per second ; d; is 
the internal diameter of the riser tubes in metres ; the 
angle « is the inclination of the preheating section of the 
riser tubes, and wo is the velocity of flow of the water at 
the point where it enters the riser tubes. The length of 
the preheating part of the riser tube can then be found as 


Apon 
4qv _ Adon + (x — ) Aip 10: 
Yw 
lec — [m] (14) 


qi 
—+ sin a. yw. Gip . 10-4 
G 








and the amount of heat required for preheating is 
isat = itw 
4qo = ————— Bis wie 15) 
c 


where isat is the heat content in Cal. per kg. of the water 
at boiling point, itw in Cal. per kg. is the heat content of 
the feedwater, and c is the circulation ratio given in kg. 
of water per kg. of steam. For a preliminary estimate 
the circulation ratio can be based upon the values given 
in Table I. 














TABLE I, 
, | Boiler 
Boiler Type. | Pressure | capacity | Circulation 

| atmos. | tons hr. | ratio. 

Babcock & Wilcox 

marine water tube } 

boiler with water walls. 16 12 60-70 

Tri-drum water tube 

boiler with water walls. | 19 110 40-50 
| 

Babcock & Wilcox | 

marine water tube 

boiler with water walls. | 22 15 50-65 

Babcock & Wilcox 

standard boiler with 

water walls. | 25 15 45-55 

Tri-drum boiler 

without water walls. 28 | 60 100-120 

VTI (Soviet) high | | 

pressure boiler with | 

liquid slag removal. | 110 90/110 8-10 





The amount of water passing through the downcomer 
tubes is 

Gon = 2G = Lwo.f. yw. [kg/sec.] .. (16) 
where 7 is the number of tubes installed. The amount of 
heat supplied to the water in the downcomer tube is 

2 Qon 
Agon = ————_ [Cal /kg.] iG) 
3,600 . Gon 

where 2 Qon is the total heat absorption of the down- 
comer tube bundle in Cal. per hour. The amount of 
steam D, in kg. per second evaporated in a given length 
of tube Jey is 
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Specific head Nsp per metre tube length for a tube 
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Fig. 3. Specific head Nsp per metre tube length for a tube 
angle of ~ = 45 deg. 
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Wt W; m/sec, 
Fig. 4. Specific head Nsp per metre tube length for a tube 
angle of ~ = 45 deg. 
qi ley 
Di = —— + 4D [kg/sec.] so. 8) 
) 


where gi is the specific heat absorption of the tube length 
vader consideration, /ey is the evaporating tube length 
i. metres, r is the latent heat of evaporation in Cal. per 
k;., and 4D in kg. per second is the amount of steam 
i oduced by flashing, due to the decrease in hydrostatic 
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Fig. 5. Specific head Nsp per metre tube length for a tube 
angle of M= 15 deg. 
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Fig. 6. Specific head Nsp per metre tube length for a tube 
angle of % 15 deg. 


pressure. The velocity of flow of the steam in the 
discharging end of the riser is given by 
dis 2D, Dais 

WM = .. (19) 





Z dis 22 fais - Yn 
where 2 D; is the sum total of the quantities of steam 
generated in successive tube sections. 

2. Inthe graphs Figs. 1-6, the specific head Ns» is 
charted as a function of the steam velocity w for different 
water admission velocities wo. As these graphs were 
established experimentally, for a pressure of 10 atmos- 
pheresand an internal tube diameter of 32mm., correction 
factors Bp and Ba must be applied if the graphs are to be 
used for other pressures and tube diameters respectively. 
The effective head causing circulation for a given tube 
length can — be found as 

= Nesp. By. Ba. Is* [kg./sq.m.] .. (20) 


* Graphs showing | these correction factors are included in the 
original article.—Editor, ENGINEERS’ DIGEsT. 
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Fig. 7. 


Circulation diagram of 
complex boiler circuit. 














In practice it is more convenient to introduce the 
concept of the residual head Nres which is defined as 
Nres = Ns — Z4p%iocai_ [kg./sq.m.] wis 2h) 
where 4p*jocai denotes the additional flow resistance in 
in kg. per sq. m. existing in the riser system. 

The frictional resistance to water flow in the tube 
can be computed on the basis of the Darcy-Weissbach 
formula 

w? l 
4p = —.A.—.yw [kg./sq.m.]  .. (22) 
2g di 
where w is the velocity of the water in m. per sec., g = 
9°81 m. per sec? is the gravitational constant, / is the 
length of tube in metres, d; is the internal diameter of 
the tube in metres, and A is the friction factor. The 
latter factor can be computed for Reynolds numbers 
below 100 x 10° as 
03164 


Re%25 
(according to Prandtl-Karman) and for Reynolds num- 
bers larger than 100 x 10° as 
1 
A= s 128) 


d; \? 
(17 + 2 log =) 
2k 


where for boiler tubes the surface roughness factor k 
can be assumed to range from 0'1to0°'4mm. The flow 
resistance affecting the steam-water mixture in horizontal 
tube lengths is given by 





(23) 











Wo Yw Tnoriz 
Apmixt = mixt Wmixt .- (25) 
2g d; 
Yn 
where Wmixt = Wo + we{1—— oa” A) 
Yw 


In the abscence of experimental data the friction factor 
Amixt can be taken as 
2:23 + 0025d, + 13u 
Amixt = ne i) 
R,%45 
where u is the volume percentage of the steam at the end 
of the tube, thatis 





1 
“= « 2B) 


3 ( ~") 
—+/f1—— 
Wt Yw 


Local flow resistances as affecting the water flow are 
based upon the expression 
2 


= ¢— yw [kg./sq.m.] -» (29) 
2g 





where w in m. per second is the velocity of flow of the 
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water at the point of the local flow resistance, and é is 
the coefficient of local flow resistance, values for which 
are given in the original article. The local flow resis- 
tances to the flow of the steam-water are computed in 
analogous manner, coefficients of local flow resistance 
being listed in the original article. 

The computation of the boiler water circulation 
includes the task of determining the admission velocity 
of the water at the inlets of the steam generating tubes, 
assuming a given rate of heat absorption and a given 
boiler circuit. 

The solution of this problem must proceed from two 
basic considerations, namely: (1) The residual head 
causing circulation through the risers of the boiler 
circuit must equal the sum total of the flow resistances 
in the riser system, that is to say 


ZNres = LApriser .«- xe 0 


(2) The head differentials between corresponding points 
of the boiler circuit must be equal, so that 


Nee = idem eeee Py aa = idem ee (31) 


In view of the complexity and laboriousness of an 
analytical solution, the employment of a graphical method 
for the determination of the circuit characteristic is to be 
preferred. For this purpose circulation diagrams are 
established, in which the residual head and the hydraulic 
flow resistance of the systems are charted as functions of 
the water flow through the system. The operating 
condition of the circuit will then correspond to that at 
which the point of intersection of the curves 2 Nres and 
2 Apriser satisfies the original equation 


2 Nres = & Apriser 


If the circuit to be investigated is simple, then the 
circulation diagram will be represented by the two curves 
= Nres = f(G) and Apriser = f; (G), the abscissa showing 
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Fig. 8. Circulation diagram of a boiler circuit composed of 
a number of parallel circuits. 
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the amount of water G passing through the circuit. In 
the case of a single flow circuit the abscissa may be made 
to indicate the admission velocity wo in metres per second. 
If the circuit is composed of a number of parallel 
branches operating under different conditions, it becomes 
necessary to establish graphically the relationship 
= Nres = % (G) for the individual parallel branches of 
the boiler system. 

The graph reproduced in Fig. 7 indicates the pro- 
cedure to be employed in a typical case of this nature. 
In this graph the characteristic curves I, II, III represent 
the individual functions Nres = %(G) for the steaming 
tube bundles I, II, and III as indicated in the diagram of 
the boiler circuit. Curve IV represents the resultant 
relationship N’res = %,(G) for the three tube bundles, 
while the characteristic function Apriser = %.(G) is 
expressed by curve V. The equilibrium condition is 
represented by the point at which curve V intersects the 
resultant head characteristic IV. The resultant head 
characteristic is then given as the ordinate co-ordinated 
with the point of intersection. 

In the case of highly complicated boiler circuits it is 
more convenient to base the charting of the circulation 
diagrams upon the second aforementioned condition, to 
the effect that the differential heads between corres- 
ponding points of the boiler circuit must be identical. 
Thus, for instance, to take the case of a comparatively 


simple circuit, the difference in head between the bottom 
header and the boiler drum can be established both on 
the basis of the downward flow of the water in the 
downcomers and on the basis of the flow in the steam 
generating risers. Obviously the head equivalent to the 
pressure drop in the downcomers must equal the available 
head created in the riser tube. 

This method therefore requires the determination of 
the pressure drops in the various component parts of 
the circuit for different water velocities in order to enable 
the plotting of the 4p = 4%(G) characteristics in the 
circulation diagram. ‘This method is exemplified by the 
chart given in Fig. 8 where curve 1 represents the 
differential head characteristic between the collectors A 
and B in relationship with the circulating system I ; 
curve 2 shows the corresponding characteristic for the 
circuit II,; curve 3 gives the resultant characteristic of 
the pressure drop in circuits Iand II ; curve 4 represents 
the pressure drop characteristic between the boiler drum 
and the collector B ; while curve 5 combines the 
characteristics of circuits I, II, and III. Curve 6 is the 
characteristic of circuit IV and ‘the combined characteris- 
tic of the three riser circuits is given by curve 7. As 
curve 8 represents the characteristic of the downcomer 
circuit V, the operating condition of the boiler system, 
that is, the rate of boiler water circulation, corresponds 
to the point at which curve 7 and curve 8 intersect. 
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HIGH-ALTITUDE AIRCRAFT-ENGINE TEST PLANT. 


By W. SPILLMANN. (From Flugwehr und -Technik, Vol. 8, Nos. 4 and 5, April and May, 1946, pp. 97-100 and 128 
6 illustrations.) 


THE power requirements of a wind tunnel for testing 
present-day aircraft engines are enormous when high 
altitude conditions are to be simulated. Quite apart 
from the high operating costs of such test plants, their 
operation would be very sluggish. 

The test plant designed and built by the Brown 
Boveri Company for the Swiss military authorities was 
put into service in May, 1944. The designers realized 
that it was sufficient to subject the aircraft engines to 
be tested at high-altitude conditions with respect to air 
intake and exhaust only. Some parts of the plant are 
so designed as to allow an expansion of its testing 
facilities from the present-day limit of 2000 h.p. to 
engine outputs of 4000 h.p. An altitude of 10,000 
metres can at present be simulated, but provision is 
made for an extension to 16,000 metres above sea level. 
The quantity of air required is given by the air con- 
sumption of the engine to be tested and is a more or 
less fixed value for any given cycle. For a two-stroke 
cycle the air consumption is 1:5 gr./h.p./sec. Thus, 
a test plant for 2000 h.p. requires 3 kg. of air per second. 

The de-humidification of the air is partial only, 
leaving one gram of moisture per kg. air. This humidity 
corresponds to the state of saturation at 6000 m. above 
sea level. 

A further necessity, for the operation of such a test 
plant, is the availability of charging air which is to 
replace the supercharger at specified conditions of 
pressure and temperature. The duty range of this 
atmosphere control plant is shown in Fig. 1. Conditions 
at standard atmosphere are indicated by the line ABC 
cn which the height (in km.) is noted. By taking 
ccecount of the adiabatic temperature increase due to 
iam effect at 720 km./hr. air speed, the standard 
-tmosphere line is shifted to line A’ B’C’. Further, by 
“lowing for variations in the free atmosphere (winter 
‘ad tropical conditions), the duty range is defined by 
‘x1e area DEFG. This area is still further extended by 
providing for external supercharging as indicated by 

rick lines in Fig. 1 
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The problem of building an atmosphere control 
plant to cover so large a range, is solved in a new way ; 
short control times are aimed at and dehumidification 
is achieved without resorting to chemical means. An 
air quantity of 3 kg./sec. is compressed by a compressor 
C to a pressure level from which all desired pressures 
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Fig. 1. Operational range of the atmosphere control plant 
in the temperature-entropy chart. 


391 











Engine Cycle 
ev Y/Y Sy 
& 7 
S, rs io gy Exhaust Gf 
“a S/o & ? when 
& e > Idling Aa 
300 g ‘ ~ 
ye $ 
o 
r e o> 
200 A me i aes 








100 








/ 

















, Turbine ,7 
\ 4 < 








Standard 
Atmosphere 








100 





By-pass 7 


Fig. 2. 
) atmosphere control plant 
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can be obtained by expansion. The compressed air, at 
a temperature of 175 deg. C., passes through a heat 
exchanger E (see Figs. 2 and 3) giving up part of its 
heat to the cooling air. It is then cooled by cold water 
in cooler F, by the brine of a refrigerator in cooler G, 
and finally by ammonia in cooler 7, down to a tem- 
perature of —4 deg. C. In the water trap H and the 
cooler 7, the moisture content of the air is reduced to 
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1 gr. per kg. 

The principal feature of the cooling plant lies in 
the absence of variations in loading since the coolers 
always pass the same amount of air. The cold and 
compressed air can be brought to any desired state 
within the operational limits. According to the air 
consumption of the engine to be tested, the total air 
volume is divided and is expanded through two separate 
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Fig. 3. 
Schematic lay-out 
of test plant. 











turbines D and L. In the cooling 








turbine L, air at a pressure of 3 atmos. 














abs. and at a temperature of just under 























0 deg. C. is expanded to 0-27 atmos. 
abs. and to about —80 deg. C., while 
part of the air leaving the cooler 7 is 
heated, in heat exchanger E, to 120 deg. 
C. It is then expanded, in the by-pass 
turbine D, to 0:27 atmos. abs. and about 
0 deg. C. The by-pass turbine regains 








part of the power input to compressor C, 
and also prevents “‘ pumping ” of the 








compressor, while the air leaving the 








cooling turbine L is mixed with by- 





392 


THE ENGINEERS’ DIGEST 








sez re 98 SOC Oe we Ow 





pass air, and so conditioned, enters the aircraft engine 
O and the other components to be tested, i.e. the 
supercharger W and the oil and water cooler X. The 
exhaust gases of engine O are cooled to 50 deg. C., in 
the dry-gas cooler S, and compressed together with the 
exhaust of the by-pass turbine D, to slightly above one 
atmos. abs. This is done in compressor T and the 
gases are then led to atmosphere. 

In this way, the working cycle of the combustion 
engine is superimposed upon the air conditioning 
cycle, resulting again in a closed cycle process. 

The engine output is dissipated by a hydraulic 


brake P. Externally, the engine is cooled by the fan 
Q. It can be seen from the pipe lay-out, Fig. 3, that 
each of the three engine components under test can be 
connected, via the air mixer H, to controlled or to free 
atmosphere. 

The article also deals with the intricate control 
mechanism of this test plant. How successfully all 
problems have been solved is demonstrated by the fact 
that, for instance, it is possible to simulate conditions 
prevailing at a dive from 10,000 to 1000 metres in 
80 seconds, whereby the “hysteresis ” of the air is of 
the order of 1 to 2 deg. C. 


oy 4 Te) 1O)-) Oh 7-147 -\ 


WATER OR AIR COOLING FOR STEAM TURBINE CONDENSERS ? 
By J. FLIEDER.* (From Strojnicky Obzor, Vol. 26, Nos. 11-12, 1946, pp. 99-101, 1 illustration.) 


IN many modern technical processes it is necessary to 
transfer, to the ambient air, a great quantity of heat at a 
small temperature drop. For instance, with condensing 
turbines, the heat liberated by condensation of the exhaust 
steam is 2 to 2:5 times the equivalent value of electric 
current generated. Thus, for a turbo-alternator of 
18,000 KW. and a steam consumption of 61,000 kg. per 
hour, the heat liberated by cooling of the exhaust steam, 
amounts to 34,800,000 Cal. per hour. Expressing the 
heat lost in KW, this would correspond to a power out- 
put of 40,000 KW. 

If an ample supply of cold water is available, the 
problem of cooling is not difficult. With air as the 
cooling medium, however, large cooling surfaces and 
quantities of air are required because of the low specific 
heat of air and also because of the higher temperatures 
prevailing during the summer. “ ; 

In the case of water cooling, the quantity of air 
required is about 60 times the steam consumption. 
That is to say, for a steam consumption of 61,000 kg. 
per hour, the cooling water passing through the con- 
denser is 3,660,000 kg. per hour. In recent years, the 
manufacture of finned coolers reached a highly developed 
stage and the efficiency of screw fans was increased. It 
is, therefore, now possible to design efficient air-cooled 
condensers, where the exhaust steam entering the 
condenser is cooled direct by air. 

To quote an example in accordance with the fore- 


going we have :— 
61,000 kg/hr. 


Steam consumption 
Condenser losses 34,800,000 Cal/hr 
1,800 cu.m./sec. 


Cooling air required 
Power required for 


driving fan 500 h.p. 
Temperature of cooled 
condensate 30 deg. C. (at an 


air temp. of 10 
deg. C.) 
Steam pressure in condenser 0-0676 atmos. abs. 
Vacuum at 760 mm. mercury 93-3 per cent. 
The initial cost of a complete air-cooled condenser 
is about the same as that of a water-cooled condenser 
excluding the following items :— 
Cooling water pump with electro-motor. 
Emergency steam turbine for pump. 
Cooling tower. 
Concrete foundation for cooling tower. 
Cooling piping. 
Pump for replenishing water. 
The air-cooled condenser is best placed in the open 
near the power house. Four fans are housed in each of 


Sie tei 


DECEMBER, 1946 Volume 7, No. 12 


the condenser sections. The driving motors are ar- 
ranged in the hubs of each fan, an arrangement which 
allows of cutting out fans individually in cooler weather. 
The fans are designed for large air volumes and for a 
small pressure rise only. The heat capacity of the whole 
air-cooled condenser and the natural draught are sufficient 
to enable the steam turbine to be started without simul- 
taneously starting the fans. 

It is known from experience with water-cooled 
condensers that the temperature of water, cooled in 
towers, is not proportional to the temperature of the 
ambient air. In summer, the water is cooled more, due 
to increased evaporation; in winter, cooling is less 
efficient. With air-cooled condensers, however, the 
the cooling of steam is proportional to the temperature 
of the ambient air. Table I shows the steam pressure 
and temperature for various atmospheric conditions. 


TABLE I. TEMPERATURE AND PRESSURE OF STEAM, AND VACUUM IN 
CONDENSERS FOR VARIOUS AIR TEMPERATURES. 





Cooling air tem- | 
perature deg. C. 0 5 10 | 15 


| 
; | 








Temperature of 
steam in con- 


denser deg. C. 28 | 33 | 38 43 





Steam pressure | 
in condenser | 
atmos. abs. 0-0385 | 0:0513 | 0-0676 | 0-0881 | 0-1138 | 0-1458 





Vacuum at | | 
760 mm. mercury 96 95 93-3 91-5 89 86 

















Summarizing it can be said that less space is required 
for air-cooled condensers than is required for condensers 
which are water-cooled plus their cooling towers. With 
the latter it is necessary to replace the water lost by 
evaporation i.e. about 2 kg. of water per 1000 Cal. In 
the case previously considered, the loss through evapora- 
tion amounts to 63,000 kg. water per hour. Further 
losses of water amount to 1 per cent of the total water 
circulated ; in the example given this would be 36,000 kg. 

Still further savings are obtained owing to the low 
power input to the fans compared with the power 
required to drive the pumps of a water cooled condenser. 

Yet another advantage of the air-cooled condenser 
lies in the fact that it is independent of the availability 
of water which results in an increased safeguard against 
stoppages. 





*The author is holder of the Czech Patent P1567 on air con- 
densers, and in this paper he sets out the advantages of his system 
which he advocates for reasons of economy and reliability. —Ep1ror, 
E.D. 
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LUBRICANTS ... THEIR PROPER SPECIFICATION AND 
UTILIZATION IN DESIGN. 
By B. F. HUNTER. (From Machine Design, Vol. 18, No. 9, September, 1946, pp. 133-136, 3 illustrations.) 


ECONOMICAL performance and life of a machine, depends 
on a film of oil. It is common practice, and highly 
essential, for manufacturers of a given unit to recommend 
various types of lubricants as a guide for the ultimate 
operator, either by brand name or by specifications 
based on ASTM standards. Such recommendations 
are usually a result of a study or tests or the known 
field performance of specific lubricants. 

In certain instances, the equipment manufacturer 
may go so far as to insist upon the use of a specific 
lubricant if his performance guarantee is to be honoured. 
Such practices can present complications for plant 
operators, since the particular lubricant recommended 
may not always be readily available. His regular sup- 
plier, however, may have an equally satisfactory product. 
The complications confronting the operator resulting 
from the recommendation of lubricants by a brand name 
become apparent in a major industry operating perhaps 
hundreds of different machines, each calling for specific 
brands of lubricants. 

In a recent survey of a large plant operating several 
hundred machines and machine tools it was revealed 
that 248 different oils and greases by brand name were 
recommended by the manufacturers of the different 
machines, where 22 different oils and greases would 
provide the maximum in lubrication. 

Simplicity should be the yard stick in designing a 
lubricating system, utilizing the minimum number of 
different lubricants. The ideal machine uses one oil, 
applied by means of a circulating system, with adequate 
oil purification equipment as a part of the unit (Fig. 1). 

In many instances one oil will provide proper lubri- 
cation for a complicated machine if designers give due 
consideration to loads, speeds and temperatures of the 
various bearings or moving parts. Where more than 
one lubricant is required for a given machine, separate 
circulating or bath lubrication should be provided for 
each lubricant. 

Most satisfactory method of specifying lubricants for 
various machines is by specifications based on ASTM 
standards. The “ viscosity ” and “ quality ” of an oil 
and the “‘ consistency ”’ and “‘ type ” of grease are most 
essential. An example of such practice is the automobile 
engine where viscosity in accordance with SAE numbers 
is the only recommendation made. Another example is 
the steam turbine, where recommendations of viscosity, 
quality, and type of oil are essential factors. 

Hand application of lubricants to modern machines 
is obsolete. Modern machines should be designed 
around automatic constant lubrication, eliminating as 
far as possible the hazard of the human element. 

Careful study of many expensive but essential ma- 
chines now in service will disclose how most lubricating 
problems could have been eliminated on the drawing 
board. Machine designers with a basic knowledge of 
the fundamental theory of lubrication can go a long way 
in overcoming common lubricating problems, increasing 
production and improving plant operation with little, if 
any, added cost to the equipment manufacturer. 

Contrary to the belief of many, lubricating oils do 
not wear out but are rendered unsuitable for continued 
use by contaminants of foreign materials or organic 
compounds resulting from the oxidation of the oil itself. 
Every possible precaution should be taken in design to 
minimize contamination from foreign materials. The 
importance of temperature control becomes apparent 
when it is realized that the rate of oxidation doubles with 
each 18 degrees F. temperature rise. In other words, 
the useful life of an oil is cut in half or decreased 
fifty per cent with each 18 degrees. 

Products of oxidation of the oil itself act as catalysts 


394 


to further increase the rate of oxidation; if these ar 
allowed to accumulate in an oil to any appreciable exter 
(evidenced by neutralization number, say 0°50), the rate 
of oxidation may be many times that of oil when neutrali- 
zation number was, say, 0:10. Adequate purification to 
remove oxidation products as they are created may ex- 
tend the useful life of an oil for an indefinite period. 

Where two or more lubricants are required for a 
given machine, for example, a machine tool requiring a 
lubricating oil, hydraulic oil, and coolant, every pre- 
caution should be made in the design to prevent 
contamination of one oil by the other. While con- 
siderable progress has been made in this direction 
during recent years, there is still room for improvement 
on the drawing board. 

Metals with which petroleum oils come in contact act 
as catalysts to accelerate the oxidation or decomposition 
of a lubricant in varying degrees. Listed below in 
accordance with the severity of their catalytic reaction 
with lubricating oils are metals commonly used in the 
construction of machines and coming in contact with the 
oil: 

1. aluminium (least severe) 4. lead 

2. tin 5. zinc 

3. iron 6. copper (most severe) 

Catalytic reaction increases proportionally with tem- 
perature rise. In design it is good practice to eliminate 
copper wherever possible from coming in contact with 
the oil, such as oil lines, oil tanks, heat exchangers, etc. 
This is especially important where oil temperatures are 
in excess of 150 deg. F. 

Special lubricants or lubricants containing additives 
have unquestionably been helpful in many instances and 
their continued use may be expected. Unfortunately, 
however, they have been too generally regarded as a 
“cure-all” for all lubricating problems. Additives, 
depending upon the purpose for which they are intended, 
fall within certain classifications, such as : 

1. Oxidation inhibitors or oxidation stabilizers—to 

retard the rate of lubricant oxidation. 

2. Detergents—to retain solids and products of 

oxidation and other contaminants in suspension. 

3. Rust inhibitors—to minimize corrosive effects of 

entrained water and, more recently, to prevent 
entrained water from corroding the oiling system 
or the parts of the machine with which it comes 
in contact. 

4. Extreme-pressure lubricants—to prevent galling 

and welding of bearing surfaces. 

5. Antifoam agents—to minimize foaming with re- 

sulting loss of lubricant. 

6. Emulsifying agents—to make oils soluble for 

coolants, etc. 

7. Wetting agents—to improve oiliness properties. 


Pour depressants—to lower the congealing point - 


8. 
9. Viscosity index improvers—to provide a more con- 
stant viscosity with temperature change. 
10. Metallic soaps—to control solidifying properties 
of greases. 

Among the most popular and perhaps the most 
valuable additives appearing on the market during recent 
years are the first four in the tabulation, these will be 
discussed more fully in the following : 


OXIDATION INHIBITORS : These are perhaps the most 
valuable contribution of petroleum refiners during the 
past decade. Better quality oils with reference to their 
rate of decomposition together with the oxidation inhibi- 
tors have provided lubricating oils whose useful life may 
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Fig. 1. Line drawing of an ideal circulating system applied to a steam turbine. Automatic lubrication provides for a 
copious quantity of oil to the bearings. 


be equal to that of a properly designed machine. This 
machine, however, must incorporate in its circulating 
system an adequate oil purifier to remove contaminants, 
either foreign or products of oxidation of the oil itself, as 
they are created or find their way into the oiling system. 
All petroleum oils are oxidizable, to a greater or less de- 
gree, in accordance with their quality and the severity 
of service to which they are subjected. Under a given 
condition of service an oxidation inhibitor can be expected 
to prolong the useful life of an oil, but it does not follow 
that the life of the oil is indefinite when subjected to 
specific temperatures and undue aeration or excessive 
contamination. In general, there is a growing tendency 
on the part of industry to expect too much from improved 
lubricants. Most of the better grades of lubricants on 
the market today contain oxidation inhibitors, particu- 
larly those oils for use in circulating systems or bath 
systems where they are used over and over again. 

DETERGENTS : Lubricating oils containing detergent 
type of additive were primarily and originally perfected 
and recommended to improve the lubrication of small, 
high-speed diesel engines where excessive contamination 
of the lubricating oil resulted from the incomplete com- 
bustion of the fuel. Detergents, in general, are some 
form of metallic soaps with or without the addition of 
oxidation inhibitors, antifoam agents, pour depressants, 
or viscosity index improvers. 

The function of the detergent additive is to maintain 
dust, dirt, free carbon, and products of oxidation in 
suspension in the oil, preventing their concentrating and 
settling out behind piston rings, cylinder heads, valves, 
screens, etc., and impairing the efficient operation of the 
engine. Detergent type oils have proved their value in 
the small, high-speed engine where the volume of oil in 
the crankcase i is small and the drain periods recommended 
by the manufacturer are followed in accordance with the 
severity of the operation, minimizing the accumulation of 
excess contaminants and abrasives which can create ex- 
cess wear on the moving parts if allowed to accumulate. 
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In large size, properly designed, low-speed diesel 
engine lubricating difficulties resulting from contamina- 
tion of the lubricant by unburned fuel is less pronounced. 
Use of detergent oils in this case is somewhat new 
and time alone will prove their suitability. Some 
operators of these engines report satisfactory performance 
using detergent oils ; others have discontinued their use 
reporting excessive wear on the moving parts and 
generally unsatisfactory performance. 


Rust INHIBITORS: The so-called “‘ rust inhibitor,” 
to minimize corrosion from entrained water in circulating 
oil systems, is among the newer types of additives. 
Primarily, oils containing rust inhibitors were perfected 
to minimize the corrosive effects of entrained water in 
the oiling system of new turbine installations. Perhaps 
the most serious corrosion difficulty experienced in the 
steam turbine is that of the oiling system itself. The 
logical approach to this problem would be to fabricate 
the oiling system from non-ferrous metals having the 
least catalytic effect on the lubricating oil rather than to 
place the added burden on the oil whose function is to 
lubricate the moving parts of the unit. 


In general it is agreed that the most effective rust 
inhibitor is the “‘ plating” type. Such an additive is 
added to and carried in suspension in the lubricating oil 
which, when circulated for several hours, days or per- 
haps a few weeks, will plate out on the surfaces of the 
metal in the oiling system or turbine proper with which 
it comes in contact, thus preventing water from coming 
in contact with and corroding the metal. Unfortunately, 
some of the most objectionable points of corrosion in an 
oiling system or machine are the points above the oil 
level where the oil does not come in contact. 

In general, the most effective rust inhibitors are of 
such nature or composition that they affect other de- 
sirable properties in an oil, such as steam emulsion 
number or water-separating properties, especially steam 
turbine or circulating system oil. 
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EXTREME-PRESSURE LUBRICANTS: The term “ ex- 
treme-pressure lubricant”? is generally applied to 
lubricants containing some form of sulphur compounds, 
which act as an anti-galling or anti-welding agent. 

Extreme-pressure or anti-galling lubricants were ori- 
ginally perfected for the hypoid gear but are now finding 
their way into many industrial applications. The 
original extreme-pressure lubricants were more or less 
corrosive to the highly polished surfaces of certain metals. 
This objectionable characteristic has long since been 
overcome, and it is doubtful if there is a corrosive type 
being marketed today. The corrosive characteristics of 
the original extreme-pressure lubricants became generally 
known, and there exists today among many equipment 
manufactureres,'as well as industry in general, the belief 
that these lubricants are corrosive and that their use 
must be confined to certain specific operations. This 
theory has retarded a more widespread use of extreme- 
pressure lubricants throughout industry, preventing the 
advantages and economy that may be realized from their 
use. Their development was a valuable contribution by 
the petroleum refiners, and they are in use by some of 
our major industries in large circulating systems where 
as much as ten per cent of water per week finds its way in 
the system. No corrosion has been experienced with 
roller bearings which constitute a part of the equipment 
being lubricated. 

Water tends to form a permanent emulsion when 
mixed with extreme-pressure lubricants which cannot be 
removed by centrifuging. The discovery of an emulsion 
breaker which will provide complete separation of the 
water from the lubricant now makes possible their more 
general use throughout industry. Use of. extreme- 
pressure lubricants for hypoid gears supported by 


anti-friction bearings in our millions of automobiles, 
trucks, buses, and tractors for many years is amp! 
evidence of satisfactory performance. Extended use 
extreme-pressure lubricants may be expected for worm 
gear drives, speed reducers, heavy reduction gear drive: 
and bearings, etc., as the science of improved lubricatio: 
is advanced. 


GREASE LUBRICATING ANTI-FRICTION 
BEARINGS. 


Where machines are designed for grease lubricating 
anti-friction bearings, provisions for flushing and cleaning 
the bearing by means of a removable plug in the bottom 
of the bearing housing should be made. 

Over-lubrication (too much grease in an anti-friction 
bearing) is perhaps responsible for more lubricating dif- 
ficulties or bearing failures than any other cause. The 
best practice is to provide a removable plug in the top and 
bottom of the bearing housing so that it may be periodi- 
cally flushed and cleaned with a suitable solvent while 
the bearing is in motion, removing all of the old, oxidised 
grease. The bearing should be drained completely, the 
plug in the bottom of the housing replaced, and the bear- 
ing filled not more than one-fourth to one-third full of 
the proper grease. No additional grease should be 
added to the bearing between flushing periods. Time 
elapsed between flushing and relubricating periods will 
vary slightly from one operation to the other, depending 
on the severity of service but, by careful supervision on 
the part of the operator, such periods can be determined 
and a schedule set up for relubrication. Many pro- 
gressive operators following this practice find that from 
six months to one year or more is sufficiently frequent to 
ensure the best lubrication. 


A WOUND-ROTOR MOTOR 1400 FEET LONG. 


(From Westinghouse Engineer, Vol. 6, No. 5, September, 1946, p. 161, 6 illustrations.) 


Motors ordinarily are round. But they do not have to 
be. Indeed, two induction motors, called Electropults, 
are now in service, one of which is a quarter of a mile 
long, the other somewhat shorter. Built during the war, 
they were intended to serve as devices for launching 
heavily loaded planes from short runways on Pacific 
atolls. At present they are being used by the Navy for 
experimentation with assisted launchings of aircraft, 
including jet-propelled and pilotless or robot planes 
The Electropult is in every sense an electric motor. 
It uses the true squirrel-cage-motor principle, except 
that instead of the stator being in circular form with the 
rotor revolving within it, the stator is unrolled and laid 
out flat The moving element becomes a car, running 
on the stator as a track. The plane is harnessed to this 
car and is brought up to take-off speed by the combined 
forward pulls of its own engines and the Electropult. 
For practical reasons the track is made the “‘ cage ” 
or secondary and the shuttle car, the primary ; although 
from a theoretical point of view whether the stationary 
part is the primary or secondary is immaterial. In any 
case, energy is transmitted across an airgap between a 
moving magnetic field and a short-circuited winding. 
In the larger of the Electropults, the secondary, or 
track, is 1,382 feet long and is made up of 76 sections 
each 18-2 feet long, set flush with the ground. The 
active core width is 12 inches. The resistance of the 
first 1000 feet of the secondary is progressively de- 
creased in four steps. This is done by use of materials 
of different resistivities for slot bars and their end 
connections. This gives a wound-rotor effect and 
enables the tractive force to be held substantially con- 
stant as the speed increases. The remaining 382 feet of 
track is used for braking of the shuttle car. The car is 
stopped at the end of its run by a combination of dynamic 
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braking and the application of direct current. 

The shuttle car that tows the airplane projects above 
the runway surface only 53 inches. It is 34 feet wide 
and 12 long. Its wheels extend through slots that 
straddle the secondary and run on buried rails. A set of 
rails above the wheels prevents the car from being lifted 
upward. 

The amount of power transmitted across the airgap 
during a launching run is about 10,000 kw. To collect 
the high current required at the maximum speed of 225 
m.p.h. (about 7000 amperes during acceleration and 
10,000 amperes during dynamic braking) twelve shoes 
per phase made of sintered copper graphite on a copper 
base are held against the submerged collector rails by 
spring pressure. 

The power plant and control station are located in a 
nearby underground vault. An aircraft-type gasoline 
engine drives a 750-kw. d.c. generator. This power is 
taken by a d.c. motor that drives an a.c. generator and a 
heavy flywheel. About 95 per cent of the energy for a 
launching is taken from the flywheel, the remainder 
being provided by the engine drive. 

Although developed for launching military planes, 
the Electropult has other interesting possibilities. It 
does not have the limitations in speed or capacity of the 
mechanical types of launching devices and provides a 
much more comfortable acceleration rate. Variants of 
the Electropult may be suitable for large aircraft carriers 
and for commercial airports as a means of keeping the 
take-off distance within reasonable limits. Also the 
Electropult—strangest of electric motors—may even be 
developed in a form as a retarder for airplane landings, 
serving the very desirable purpose of shortening the 
landing run, of large heavy transports. 


THE ENGINEERS’ DIGEST 











te ee me} toss 


> => 





eS, 
y] 


= Ae Oo 


+ 


: 
1g 


—_— rR er CP CP 


SESS er 








HOLLAND 





CONTACT ARC-WELDING 


By P. C. VAN DER WILLIGEN. (From Philips Technical Review, Vol. 8, No. 6, June, 1946, pp. 161-166, 7 illustrations.) 


THE great difficulty in free arc welding has always been 
in maintaining the arc. The welder must continually 
take care that the distance between electrode and 
workpiece is only a few millimetres and that it remains 
constant. 

When the distance is too small the rod “ freezes ” 
to the workpiece, i.e. the solidifying drops form a rigid 
connection. When the distance is too large the arc 
burns irregularly and the quality of the work suffers, 
and with a.c. there is much chance of the arc being 
extinguished. 

In the course of years, however, it has been noticed 
that with certain types of electrodes the coating can 
rest on the workpiece during the welding; this is 
called touch-welding. 

It was found that this procedure was only possible 
with heavily coated electrodes. This can be understood 
when one considers that in welding with a rod with a 
thinner coating, only a short cup is usually formed 
around the arc. When the edge of such a cup is 
allowed to rest on the workpiece, the drops of metal 
flowing from the core wire short circuit and freeze the 
rod to the workpiece. 

If one tries to determine the relation between the 
thickness of the core wire and that of the coating 
necessary to prevent this, it is found that it depends 
upon various factors. If we assume that the welding 
is done at an angle of 45 degrees to the workpiece and 
that the cup is formed at an angle of 45 degrees to the 
axis of the electrode, we see from Fig. la that the re- 
lation between the size of drop of the molten metal and 
the dimensions of the cup is such, for instance with 
the electrode type Ph 50, that touch-welding is just 
possible, while with type Ph 48 (see Fig. 1b) it will 
be quite impossible. 

From this the conclusion might be drawn that to 
make touch-welding possible it would be sufficient to 
give the electrodes a heavy coating. This, however, 
would not only be an expensive method, but at the same 
time difficulties would occur in the welding because of 
the larger amount of slag. 

Research work was carried out with the object of 
perfecting the properties necessary for touch-welding 
to such a point that welding could be done with much 
less trouble and that practically no errors could occur. 
This includes the requirement that the weld bead 
should have a flat and uniform appearance. This 
investigation has now led to a new method of welding 
for which the name “ contact arc-welding ” was chosen 
Although, in principle, other types of electrodes could 


have been used in this development, we chose in fact 
the Ph 55 as starting point, because its mechanical 
properties surpass those of other types of electrodes 
(i.e. because it has a low oxygen and nitrogen content). 
Ductility and impact value are very high. By using 
the Ph 55, therefore, the chance of cracks in the weld is 
small, which is especially important in welding hard 
steels and also dynamically heavily loaded structures. 

The reason that electrode Ph 55 is not universally 
employed is due to the fact that much care is required 
to make good welds with this type of electrode. If, 
for instance, the welder uses too long an arc, porosity 
may result in the weld. If a welding transformer is 
used with a low open voltage (< 60 V) difficulty is 
experienced from the extinguishing of the arc. The 
welding is thereby interrupted and has to be started 
again, which leads to inhomogeneities in the weld. 

Therefore, the electrode Ph 55 had to be altered in 
such a way as to overcome these objections. The first 
step in this direction was to try to perfect the quality 
necessary for good touching, without increasing the 
quantity of slag-forming coating material. This was 
achieved by ‘making the coating heavier (which, of 
course, is by no means confined to the use of the 
Ph 55 rod), by transferring part of the metal of the core 
in a finely divided form to the coating. The ratio of 
metal to slag in the welding rod may remain the same. 
A limit is setto the transfer of metal from the core to 
the coating of the rod, by the consideration that the core 
which has to carry the current, must not be too thin, as 
otherwise the resistance becomes too high and the 
permissible arc current too low. 

In the case of the newly developed electrodes, which 
are denoted by the word ‘“ Contact”, about half of 
the metal of the core is transferred in scattered form to 
the coating. In Fig. Ic it is indicated diagrammatically 
that, with electrode “Contact 15”, touch-welding 
should be quite easy. The external diameter of the 
electrode is more than twice the diameter of the 
core, so that the coating is extremely heavy. For 
the sake of comparison we have shown in Fig. ld an 
ordinary electrode Ph 55, which has the same external 
diameter and the same weight. These two electrodes 
deposit the same amount of metal in the same time. 

It must be borne in mind that, in the case of the new 
contact electrode, only half the molten metal comes 
from the core, the other half being supplied by the 
coating. In the case of the electrode “Contact 15”, 
therefore, the diameter of the core is +/ 2 times smaller 
than that of electrode Ph 55. 





2 


Fig. 1. Diagrammatic representation of 
the possibility or impossibility of touch- 
welding for different kinds of electrodes 
manufactured by Philips. _ The diameter 
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of the iron core is d; dis that of the 

droplet. (For the method of a the 

size of the droplets see J. Sack, The Welding 
Industry, July, 1939.) 
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4 2. Oscillogram of the current flowing when the arc of 
“Contact 15” is being ignited. e arc is struck at 
approximately 1 amp. and 1 sec. 


With the electrode “‘ Contact 15 ” the ignition of the 
arc has also become much easier. It is not done in the 
usual way by tapping and breaking off the cup, but 
entirely automatically. This simplification in starting 
is closely connected with the new composition of the 
coating. 

In the development of the contact electrodes, as we 
have seen, much metal has been transferred from the 
core to the coating. When the amount of metal 
transferred to the coating is approximately the same as 
that remaining in the core, the conductivity of the 
coating is found to have become so high that when the 
coating, under tension, is brushed over the workpiece, 
sparking occurs. A current is then flowing of 
the order of 0-1 A. When the coating is not brushed 
over the edge, but is held against a definite spot 
on the workpiece, the current will rise rapidly and 
at a value of about 1 A will suddenly pass to an arc: 
the welding arc is then automatically ignited. The 
oscillogram of the current flowing with ‘“ Contact 15 ” 
is illustrated in Fig. 2; the arc is usually ignited within 
one second. When in the hot condition, ignition takes 
place even more quickly. 

The conductivity of the coating of the new electrodes 
then ensures that the arc is immediately reignited. 
As a result it is even possible with electrodes of the type 
Contact 15, which have a core diameter of less than 
5 mm., to touch-weld with open voltages of the welding 
transformer lower than for the corresponding electrodes 
Ph 55, i.e. they need not be so far above the arc voltages. 
The contact electrodes 15-3:25 and 15-4, which have 
core diameters respectively of 3-25 and 4 mm., have 
for example an arc voltage of 25-30 V., and it has actually 
been found that touch-welding can, very successfully, 
be done with them at an open voltage of 60 V. 

The new electrode “ Contact 15-5 ”’, for instance, has 
an arc voltage of 40 V. If a welding transformer is 
used with an open voltage, which lies only slightly 
above this, the transformer works too much in the flat 
part of its characteristic, which means that even small 
variations in the voltage will result in large current 
fluctuations. 

The best results are obtained when the open voltage 
of the welding transformer lies about 30 V. higher 
than the arc voltages, thus, for the electrodes ‘‘ Contact 
15-5,” this will be 70 V. Welding then takes place 
in the steep part of the characteristic, i.e. in the part 
where the voltage depends closely on the current, so 
that any variation in the arc voltage scarcely affects the 
current. 

It has been found that these new contact electrodes 
are not only suitable for contact arc-welding, for 
which purpose they were developed, but that they also 
offer important advantages for welding with the free 


398 


arc. The contact electrode gives much less extinguish- 
ing of the arc, even when the open voltage of the 


welding transformer is lower than normal. This is 
probably the result of the great conductivity of the 
coating, which now and then touches the pool when 
the cup is long. 


THE USE OF CONTACT ELECTRODES. 


It is remarkable how easy it is to weld with the 
contact electrodes. This is due not only to the ease of 
touch-welding, but also to the self-starting. If one 
must start at a precisely fixed point it is a great con- 
venience if the starting is automatic, especially when 
using holders with a push-button mechanism. 

As we have already stated, practice is necessary in 
order to maintain the proper distance between core 
and workpiece when welding with the free arc, and it is 
found that this even presents difficulties for experienced 
welders, when welding has to be done in difficult 
positions, so that they too may then have trouble with 
freezing. With the newly developed electrodes, how- 
ever, the coating has been made so thick that the cup 
of the rod is always deep and strong enough to keep 
the core in touch-welding at such a distance from the 
workpiece that it cannot freeze. 

The mechanical properties of the material, deposited 
by these new electrodes Contact 15 and Contact 18, 
are found to be similar to those of the corresponding 
normal electrodes Ph 55 and Ph 48. The fact that, in 
the case of the contact rods, the arc is for the greater part 
surrounded by the deep cup is a favourable factor, 
diminishing the absorption of oxygen and nitrogen 
from the air. 

A most remarkable achievement is the ease with 
which overhead welding can be done with Contacts 
15-3:25 and 15-4. This is the most difficult position 
for welding, and, as far as is known, it was never 
possible to apply touch-welding with success in this 
position. Overhead contact arc-welding, however, is 
found to be very easy. In overhead welding experienced 
welders sometimes prefer to use the free arc, for instance 
in order to make the weld somewhat wider by means 
of a weaving motion. Also in this respect Contact 15 
offers advantages over the normal coated electrodes, 
the most important of which results from the deep cup 
of Contact 15, which gives better direction to the drops ; 
consequently very little material falls to the ground. 

In conclusion, we shall make a few remarks about 
welding with high currents, where heavy welding rods 
are used, and which in the United States is called 
“hot welding.” The currents used are higher than 
600 amp. and the diameters of the electrodes greater 
than about 7 mm. As yet, however, this method has 
not met with much success, for the following reasons: 

(a) Handling heavy electrodes becomes fatiguing to 
the welder. 

(b) There is much spatter with these rods. 

(c) Heat radiation becomes troublesome, especially 
in hot weather. 

(d) Difficulty is very often experienced from under- 
cut, the plate material being burnt away along the toe 
of the weld. 

If Contact 15-6 or 15-10 is used for this purpose 
(the last corresponds to Ph 55-14 and is used with 
900-1200 amp.), the first difficulty is overcome, since 
in contact arc-welding the electrode rests on the work- 
piece. Due to the deep cup shielding the arc, also 
spatter is considerably reduced ; tests showed spatter 
losses only one-third of those obtained with the 
corresponding electrode Ph 55. For the same reason, 
heat radiation from the arc is lowered, especially in the 
direction of the weld, since in that direction the cup 
almost completely shields the arc. Finally with Contact 
15 undercut is eliminated as a result of the special form 
of the penetration. 
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CALIBRATION AND 


By A. JORISSEN AND P. LEDENT. 





BELGIUM 


USE OF WINDMILL-TYPE ANEMOMETERS. 


(From Revue Universelle des Mines, Vol. 89, No. 7, 1946, pp. 249-264, 


13 illustrations.) 


IN a variety of industrial applications the windmill-type 
anemometer presents considerable advantages over 
Pitot-tubes or orifice-plates and venturimeters. The 
density of the air has no practical influence on its 
results, except in the case of very small speeds, and this 
fact permits dispensation with the measurement of 
pressure, temperature and humidity as well as with all 
ancillary computations. The accuracy of anemoemeter 
measurements, however, depends to a great extent on 
the careful calibration of the instrument and on the way 
it is used. In fact, the authors have experienced 
variations of up to 15 per cent in the indications of 
different anemometers used to measure the same mass 
flow ; the error may even exceed 30 per cent at the 
entry of pipes. 
(I) APPARATUS. 


Because of war-time difficulties, the investigations 
carried out so far have been limited to the use of a pipe 
300 mm. (12 in.) diameter i in connection with : 

(a) an anemometer of “ Negretti” type, 71 mm. 
(2:8 in.) tip diameter, 8 blades and a dial plate parallel to 
the axis of rotation, and 

(b) an anemometer of “ Biram” type, 168 mm. 
(6:6 in.) tip diameter, 57 mm. (2-3 in.) dial diameter, 10 
blades and a dial plate parallel to the plane of rotation of 
the blades. 

The flow in the pipe was explored by means of 
ordinary nozzle-plates and Pitot-tubes. The test ar- 
rangement is shown in Fig. 1. 


(II) THE CALIBRATION OF ANEMOMETERS. 


It can be shown theoretically that—under some- 
what simplified ideal conditions—the angular speed of 
the anemometer, Na, is simply proportional to the 
mean velocity of the air ; the proportionality factor 
depends on the design of the instrument, but not on the 
air speed. Moreover, the mean velocity of the air, Ua, 
when the anemometer is removed, is not the same as 
the mean velocity when it is inserted. The ratio of 
these two velocities, which expresses the displacement 
effect of the anemometer, depends on the relative 
dimensions of the duct and the instrument, and also on 
the design of the latter. Since this ratio appears to be 
practically independent of the air speed, we should 


expect that 
U, s = k . N, a 


_ This relation is confirmed by experiment when the 
instrument runs at fairly high speed. For low air 
speeds, however, a correction is necessary in order to 
account for mechanical friction and therefore 
Ua =k.(Na-+ Ca). .. (1) 
The aim of the calibration is to find k inka Ca. 
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Fig. 2. B= f (pa). 


The author’s investigation covered two methods of 
calibration, (a) by means of a wind tunnel and (b) by 
means of a whirl-arm. The use of a wind tunnel appears 
to be preferable to that of the whirl-arm. With the 
latter it is advisable to avoid aerodynamic distur- 
bances. The instrument was finally mounted on a 
thin rod at a certain distance from the main arm, and 
any form of ancillary recording mechanism was dis- 
pensed with, simply by snatching readings whenever 
the dial came past. The motion of the air which is 
set up by the whirl-arm is not inconsiderable, and its 
magnitude depends on the size and the shape of the arm 
but appears to be independent of its speed. In order to 
correct for this effect it is proposed to calibrate the 
whirl-arm itself by means of a calibrated anemometer. 

With the tunnel method, the value obtained for 
k depends to an appreciable extent upon the relative 
dimensions of the duct and the instrument. For 
calibration the instrument was placed in the centre of 
the pipe, near the exit and at a considerable distance 
from any source of disturbance. The velocity distri- 
bution across the pipe at the instrument was found in 
good agreement with Prandtl’s logarithmic law. Hence 
the ratio of mean velocity over a circle of radius equal 
to the anemometer tip and mean velocity over the 
cross-section of the pipe, U, can be expressed as follows : 








___Upstream section 


Fig 1. Schematic arrangement 
of <n installation for calibrating 
anemometers. 
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R denotes the radius of the pipe, Ra that of the instru- 
ment, A the ordinary pressure loss coefficient for a 
straight pipe which is a well-known function of the 
Reynolds number and the roughness of the wall, and K 
is a constant for which Prandtl gives the value 4:07 
while in the author’s investigation it was found to be 
4-63. Thus, it was only required to make a few simul- 
taneous measurements of the mass flow through a 
standard measuring nozzle-plate and of the r.p.m. of 
the anemometer. 

A typical calibration result is shown in Fig. 3. The 
slope of the straight part of the curve is equal to k, and 
Ca is the deviation from it which vanishes for higher 


values of the rotational speed. 
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Fig. 3. Calibration of “ Biram” type anemometer in wind 
tunnel. 
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The calibrations by means of the whirl-arm and the 
tunnel gave the same results for ca, thus showing that 
the centrifugal forces due to the angular speed of the 
whirl-arm were not big enough, in this case, to bring 
about an appreciable increase in mechanical friction. 
There was, however, a marked difference in the values 
of k—the tunnel values were 6 per cent lower for the 
smaller, and 10 per cent lower for the larger anemometer. 
This is partly due to the motion set up by the whirl- 
arm, and partly to the fact that the instrument moved in 
an unlimited flow, when it was mounted on the arm, 
whereas the tunnel diameter was only twice as big as the 
tip diameter of the larger, and four times as big as that 
of the smaller instrument. 


(III) SUGGESTIONS FOR THE USE OF 
ANEMOMETERS. 


It follows from this result that anemometers should 
be calibrated in tunnels, and used in ducts, the dimen- 
sions of which are much greater than the tip diameter of 
the instrument. If an anemometer is used in a pipe 
where‘this does not apply, one cannot expect to obtain 
reliable measurements unless the instrument has been 
calibrated in a pipe of similar diameter. 

If it is intended to measure the mass-flow through 
a pipe, the best position for the anemometer is at the 
centre of the pipe, near the exit. It should be placed at 
a distance of at least 30 diameters from any sources of 
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Fig. 4. Correétions for “ Biram ” type anemometer. 


aerodynamic disturbance further upstream in order 
to ensure that the velocity distribution conforms with 
the logarithmic law so that U/U, can be found from 
equ. (2). The instrument should be mounted on a thin 
rod ; the introduction of a hand into the duct may 
result in a notable error. 

The possibility of using an anemometer at the pipe 
entrance has also been investigated and for this purpose 
both instruments were calibrated in “‘ reversed ” 
position, i.e. with the air flow coming from what was 
originally meant to be their downstream side. Whereas 
this reversal was seen to cause no change in & and only 
a slight change in ca, for the Negretti-type instrument, 
it brought about a marked change in k for the Biram- 
anemometer where the dial is parallel to the blade wheel, 
and rather large, so that it creates a notable disturbance 
when it is situated upstream of the blades. In fact, this 
type is not very suitable for taking measurements at 
the entry of a pipe. 

Such measurements are also very delicate for other 
reasons. Except in the case of a specially shaped entry, 
the flow separates from the walls, and it is therefore 
unavoidable that the velocity distribution over the 
cross-section of the pipe varies rapidly with the distance 
from the entry. The separation causes a contraction of 
the main stream inside the pipe, and the best results 
were obtained when by placing the instrument in the 
centre of the cross-section of maximum contraction 
(80 mm.—3 ft. 2 in.—from the entry, in our case). The 
position of this cross-section appeared to be nearly 
independent of the Reynolds number, and a slight 
deviation from it has but little influence on the results. 
However, the velocity distribution over this cross- 
section does not follow the logarithmic law ; the ratio 
U/U, was found to be equal to 0-568 for the Negretti- 
type instrument. Moreover, the main stream is not 
enclosed in solid walls and the displacement effect of the 
instrument differs accordingly from that in a stream of 
equal diameter at the end of a pipe. 

It may be concluded that anemometer measure- 
ments at the entry of pipes are comparable only if they 
are taken under strictly analogous circumstances and 
that each type of instrument must be calibrated, for the 
purpose of such measurements, under the same con- 
ditions under which it is intended to be used. 

When using an anemometer in mining galleries, 
one can either move the instrument over the whole 
cross-section in as regular a way as possible in order to 
obtain the mass-flow by a single reading. Or, for more 
accurate measurements, one can subdivide the cross- 
section by a network of threads and place the instru- 
ment in the centre of one mesh after the other ; the 
overall result is then given by the mean of the single 
readings, with due regard to the relative area of the 
meshes. It is evident that the cross-section for suc} 
measurements must be chosen with great care. 
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By M. HENTSCH. 


ACCORDING to Gumbel the running properties of a 
bearing are characterized by the coefficient : 
4 Pm fr 
g=— 

nw 
where Pm is the specific bearing pressure in dynes per 
sq. cm., 71 = (D—d)/d is the play of the journal in the 
bearing, D is the diameter of the bearing, d is the dia- 
meter of the journal, 7 is the absolute viscosity of the 
lubricating oil in poises, and w is the angular speed of 
the shaft. 

Gumbel’s coefficient can be used to compute the 
minimum thickness of the oil film, and thus the friction 
coefficient and the power absorption. If high speed 
bearings are computed according to the method which 
forms the substance of this article, values for ¢ con- 
siderably below y = 4-0 are obtained. But this means 
that the journal tends to assume a concentric position 
in the bearing. The carrying power, therefore, is in 
excess of requirements, while the power loss in the 
bearing is excessive. Moreover, since p< 4, the original 
formuz do not apply, and the power absorption must 
be based upon the coefficient of viscosity. The friction 
force is : 

speed 
F = n X surface——————_—__, 
radial clearance 
V 
F=7.2.27.r.6. 





that is 
R—r 

where R is the radius of the bearing in cm, r the radius 
of the journal, 6 the length of the bearing, and V the 
peripheral speed incm per second. It can therefore 
also be written : 

b 

F=7.2.97.—.V 

r 

and the power absorbed is 


b 
—.V?. 10° (kW) 
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Fig. 1. 


The excessive power consumption could possibly be 
Overcome by reducing the bearing surface by way of 
providing large radial grooves. The journal would then 
be supported by a number of segments. But this 
solution will not always be satisfactory, as a relatively 
large radial clearance must be reckoned with (Fig. 1a). 
In fact, the slope of the supporting segment or pad is a 
function of the factor m. From Fig. 2 it is seen that : 


x 

h = hy (1 — m—) and for x = a, it ish = hy (1 +-m) 
a 

De Freudenreich has shown that a value of m = 2 
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FRANCE 


COMPUTATION OF LIGHTLY LOADED BEARINGS FOR HIGH SPEEDS. 





(From Mécanique, Vol. 30, No. 329, January, 1946, pp.16-20, 15 illustrations.) 


corresponds to minimum friction, and at the same time 
to maximum carrying power. Under these conditions 
it is h = 3h), which implies a large clearance between 
journal and bearing. It is therefore preferable to use 
pivoted pads which permit a reduction in clearance 
(Fig. 1b). The use of three pivoted pads provides the 
best arrangement, as this allows to tolerate small 
inaccuracies in the thickness of the pads. 
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Fig. 2. 





If the pad is relatively short in peripheral direction, 
that is, if it is smaller or equal to one-half the journal 
diameter, so that its radius of curvature is equal to that 
of the journal, then the pad can be considered as flat, 
corresponding to the pad of a thrust ing. he 
running properties of a flat pad are characterized by the 
expression : 

6nVba? 
P= — VY 
where P is the loading of the pad in dynes 
a_ is the peripheral length of the pad in cm. 
bis the width of the pad in cm. 
V is the peripheral speed of the journal in cm 
per sec. 
hy is the minimum thickness of the oil film at the 
trailing edge of the pad in cm. 
n is the absolute viscosity of the oil in poises, 
Y is a dimensionless coefficient, which is : 


In(m + 1)— 





m-+2 
. ee 





m= 


where m is the aforementioned factor which depends 
upon the eccentricity e as defined in Fig. 3. 











e 





Fig. 3. 


If a value of m = 2 is stipulated, it must approxi- 
mately be e/a = 1/10. For m = 2, ¥ = 0-025, and 
therefore 


1 
P = 0:15yV ba? — 
h? 
If the shaft is arranged vertically and is free of radial 
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reactions, then all pads will be in equilibrium, each pad 
exerting a force P, as indicated in Fig. 4. It is : 


Py = C/hy*, where C=0:15.7.V.b.a* 


) P 





Fig. 4. Fig. 5. 


If the shaft is in the horizontal position and the load- 
ing is carried in equal shares by the two lower pads, the 
minimum thicknesses of the oil films will be given by h, 
and h, respectively (Fig. 5), the respective reactions 
being P, and P,. The average distance between any 
one pad and the shaft is 2h, (Fig. 6). The total possible 
displacement in the vertical plane of the shaft with 
respect to the two pads according to Fig. 7 is H = 6hy. 
It can therefore be written : 


2h, = 4 (H — 2h,) 
4h, = 6 hy —2h, 
and by dividing by hy : 
4h./hy = 6 —2h,/h, 
Making h,/h, = xandh,/h) = B 
we have a+2p=3.. Sie e (I) 
It is also P, + QO = P,, or P,/P» 4- O/Py = P3/Po 
It is P, = C/h,? and P, = C/h,? 
By making Q/P, = 4, it therefore becomes : 
he?/h,? + 8 = he?/he? 
or 1/f?—1/a?=85 — oie 689) 


If 8 is taken as the independent variable, the values 
for « and 6 corresponding to any values for B can be 
found from equations I and II. 
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Fig. 6. Fig. 7. 
As P, = 015 .9.V.b. a*/h* and P, = 0/8, it 
therefore becomes O = 0:15.7.V.b.a*8/h,? 


If # denotes the diametral play of the shaft in the 
bearing, the radial play will be #/2 = 2h), and there- 
fore hy = F/4. 

It can therefore be written : 


OQ = 2-41..V.b.a*5/F? A (IIT) 
OF 
or 6.4 = ————_- 
2.4.9. <8 
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Fig. 8. 


Fig. 8 shows the relationship between 6 and the ratio 
h./} which is more suitable for practical purposes than 
the relationship between f and h,/7. It is 


B = hz/Ng = 4h,/F, 


and therefore h,/f¥ = 8/4, where h, is the thinnest 
oil film existing anywhere in the bearing. The 
thinnest oil film will be found at the trailing edges of the 
two lower pads. In designing a bearing, the value for 
h, must be so chosen that it is compatible with the 
properties of the bearing surface. The pads need not be 
fixed in position, but may be left free to tilt into any 
position compatible with the maintenance of a circular 
cage. With pad-type bearings the variation in the thick- 
ness of the oil film with the speed is different from that 
encountered with plain bearings, and, in order to satisfy 
equation III, it must follow the parabolic relationship 
V . 8 = constant, as shown in Fig. 9. 
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Fig. 9. 


In the article under review the power absorbed by 
friction is shown to be : 


Liot = K V 16 QV? . 10° [kW] 


1 1 2 
K =18 — (— + —) 
V5 \a B 


The relationship between the factor K and the ratio 
h,/F is charted in Fig. 8. In order to minimize power 
consumption by friction, the smallest possible value for 
h, should be chosen ; but as will be seen from Fig. 8, 
little will be gained by going below a value of h,/F =0:16, 
particularly as smaller values will serve to unduly in- 
crease the specific bearing pressures. In ordinary 
bearings, the length/diameter ratio of the bearing is not 
usually chosen smaller than 1-0 to 0-9, while in the pad- 
type bearing a ratio as small as 0:5, or even less, may be 
adopted. This is due to the fact that each bearing pad 
is individually supplied with oil, so that the loss of oil 
from the ends of the bearing will not be a serious factor. 
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Do you need “distilled” water ? 


Permutit “Deminrolit" Process cuts cost as much as 95% 










































































ANALYSES OF WATER BEFORE AND AFTER TREATMENT BY 
PERMUTIT ‘DEMINROLIT’ PLANTS IN COMMERCIAL USE. 
(Note -All figures in parts per 100,000.) 

Plant No. l No. 2 No. 3 
Water Crude | Treatedj] Crude] Treated Crude] Treated 
Cations 
Calcium C ova - 9.4 ~ 10.7 = 
Magnesium M 0.8 ~ 0.36 ~ 1.09 ~ 
Sodium N 0.46 0.23 1.0 0.31 1.66 0.44 
Total 4.46 0.23 10.76 0.31 13.45 0.44 
Anions 
Carbonate CO 4.2 0.24 12.4 0.29 10.5 0.57 
Chloride Cl 1.8 0.06 2.8 0.12 2.84 0.30 
Sulphate SO 1.35 - 3.48 0.03 11.95 _ 
Nitrate NO > = - ~ 2.25 = 
Total 7.35 0.30 18.38 0.44 26.44 0.87 
Total ions in i} 

solution 11.81 0.53 | 29.14 0.75 39.89 1.31 
COST per 1000 
gallons §.22d 9.83d 16.5d 





The table shows the composition of some types of water before and after treatment 
by Permutit’s “‘ Deminrolit” Process. Water similar to a distillate is produced 
by this process at a fraction of the cost. Where distilled water was too expensive 
you can afford “‘ Deminrolit ” water. The process has been in practical use in 
Great Britain for over 7 years. Write for technical publication “ Distilled Water 





without Distillation ” to 


PERMUTIT Company Limited 


Dept. T.B., Gunnersbury Avenue, London, W.4. 
Te ee] 
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This equipment is the latest development in the use of sealed-off Cathode Ray 
Tubes in Multiple Recording technique as pioneered by Cossor. The robust 


design is intended to make it suitable for field tests, including Traction Recording, 


Marine and Motor testing and other industrial investigations. The equipment 
comprises a Model 440 Twin Tube Unit using two 44” dia. Double Beam Tubes, 
a Model 423 Film Camera Unit and a Model 430 Drive Unit. It provides simul- 
taneously four independent records plus one central electro-optical time 
marking on 70 mm. unperforated film or paper. By means of interchangeable 
gears and/or motors a film speed range of 0.005-250 cms/sec. is obtainable with 
a tube spot writing speed up to 2 kms/sec. Two or three units may be mounted 
one above the other and driven by the single Drive Unit to provide up to a 
maximum of twelve simultaneous records plus three time/event markings. 





cd No, 2, 


a aes INSTRUMENT DEPT., 


Se + HIGHBURY GROVE :: LONDON, N.S 


\ or 
a gas Se a Telephone : Telegrams : 





XXX 


+10 oma /sec 50m TIME MARKER, 


a CANonbury 1234 (33 lines). Amplifiers Phone London. 


ee 





HALF FULL SIZE 














THE ENGINEERS’ DIGEST 

















CLASSIFIED ABSTRACTS 








Numerous important articles which, for lack of space, cannot be published in full in our main editorial columns, 
are regularly abstracted in this section. Subscribers may obtain photostat copies of all original articles at cost. 


ACOUSTICS 


A Contribution to the Theory of Acoustic 
Radiation. 


By C, J. Bouwxamp. (From Philips Research Reports, 
Holland, Vol. 1, No. 4, August, 1946, pp. 251-277.) 


THE field of radiation produced by a harmonically 
oscillating membrane with arbitrary amplitude distribu- 
tion in a closely fitting aperture of an infinite rigid plane 
is studied. The analysis does not take into account the 
viscosity of the medium nor any other deviation from its 
“ideal”? behaviour. Numerical calculations are not 
given. Attention is paid mainly to the mathematical 
formalism. 

In section 1 the problem is mathematically stated by 
means of the velocity potential in the form of a boundary 
value problem in connection with the wave equation. 
A new argument is given as to why the time factor 
exp (—iwt) is preferred in theoretical considerations. 
Section 2 contains a brief sketch of the derivation of the 
now already classical Rayleigh formula, together with 
some critical remarks. Section 3 is devoted to energy 
considerations. The definitions of acoustic impedance 
and radiation characteristic are given. In addition 
formule are derived by means of which they can be 
computed in the case of any prescribed source distribu- 
tion. In section 4 the general formule are applied to a 
circular membrane, oscillating with azimuthal and radial 
nodal lines. In section 5, King’s theory of the circular 
disc oscillating with uniform amplitude is very much 
extended. The theory can be developed in terms of 
cylindrical wave functions. It is possible to express the 
velocity potential as a definite integral involving Bessel 
functions. It is shown that the reactive part of the 
acoustic impedance of any harmonically vibrating mem- 
brane of whatever amplitude distribution is always 
negative. This part can be calculated by integrating the 
radiation pattern over complex space directions. Section 
6 shows expansions in spherical wave functions, applied 
to the radiation field of a membrane oscillating with 
nodal lines. King’s statement that the theory of Backhaus 
regarding certain expansions in spherical coordinates 
does not hold is shown to be erroneous. For the sake of 
completeness the theory of section 6 is worked out in 
detail in the case of the Rayleigh plate. This is to be 
found in section 7. 

To preserve the reader from many tedious operations 
the majority of the necessary mathematical calculations 
are given in a separate mathematical appendix. 


COKE. 


Sulzer Plant for Dry-Quenching of Coke. 


By WwW. HERSCHE. (From Technische Rundschau Sulzer, 
Switzerland, No. 3, 1946, pp. 1-18, 22 illustrations.) 


WATER-QUENCHING of hot coke, discharged from gas 
retorts at approximately 1000 deg. C., dissipates valuable 
heat energy and reduces the heating power of coke. In 
the “ Sulzer ” dry-quenching process, the hot coke is 
carried into a bunker, chamber, or Cornish type boiler, 
where a draught fan circulates inert gases in a closed 
cycle through the coke and a steam boiler, thus using 
the sensible coke heat to produce steam and cooling the 
coxe to approximately 300 deg. C. at which temperature 
it ‘vill not re-ignite when spread in the open air. Total 
heat losses during the carbonisation of coal are thus 
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reduced from 25 per cent for water-quenching to 8 per 
cent only. In addition to this gain, dry-quenching 
produces coke which has greater heating power, is less 
friable, stands up better to transport and handling, 
contains less breeze and smalls, is cleaner and freer from 
dust than water-quenched coke. Surrounding country 
is not contaminated by airborne breeze. Maintenance 
cost of containers, structures, conveying plant is reduced 
because wet corrosion is practically eliminated. No 
wet-quenching plant and accessories are needed. Gas 
generators and blast furnaces fed with dry-quenched 
coke need less fuel weight, and tar residue and choking 
by residues is reduced. Breeze and smalls gain in heating 
power and, therefore, in value. Savings are thus very 
large ; for example, a major plant (250 tons coke per 
day) could be amortised in 14 years, or in 15 years with 
appreciable net profits. Several plants are now running 
satisfactorily for over 20 years. 45 per cent of all Swiss 
— are equipped with Sulzer dry-quenching 
plants. 

In large plants (e.g. for 450 tons coke per day per 
unit producing superheated steam at 220 Ibs. per sq. in., 
315 deg. C.), hot coke is discharged from retorts into a 
carrier, transported to the dry-quenching plant, lifted 
by a coke bucket elevator, and tipped into the dry- 
quenching bunker. Quenched coke is conveyed to the 
screening plant. In medium plants (e.g. for 26 tons 
coke per day per unit, producing saturated steam at 175 
lbs. per sq. in.), the hot coke container is carried on 
rails, pushed into a dry-quenching chamber and, after 
quenching, is lifted by a crane for tipping of the coke 
into a screening reservoir. In small plants, the hot 
coke container is placed into the fire tube of a Cornish 
Boiler (for 1-5 to 6 tons of coke per day per unit produc- 
ing saturated steam at 100 lbs. per sq. in.). The complete 
plant normally comprises double or multiple units which 
ensure more equalized steam production and greater 
freedom in adapting the working of the plant to coke 
production requirements. Coke containers are lined 
with alloy cast iron plates, hot gas chambers with silica 
bricks and quenching chambers are sealed against 
atmosphere. 

A modern electrically controlled large double-unit 
bunker type plant installed at the Basle gasworks is 
described in detail. 


ELECTRIC MACHINERY. 


Rectification and Power Supply for the Electro- 

lytic Industry. 

By T. R. RHEA AND B. R. CONNELL. (From The 
Electrochemical Society, U.S.A., Preprint 90-5, 1946, 
pp. 73-93, 7 illustrations.) 


DuRING the war the a.c.-d.c. conversion equipment in 
the electrolytic industry was expanded to 4:5 million 
kilowatts. The major part of such conversion equip- 
ment is in aluminium, magnesium, chlorine, copper and 
zinc. At the peak of operation during the war, these 
five processes consumed approximately 31 billion 
kilowatt-hours annually. The authors tabulate the 
amounts of conversion equipment in these five major 
industries, along with other pertinent information, but 
do not include the many miscellaneous electrolytic 
processes such as sodium, oxygen, hydrogen, per- 
chlorates, etc. Particular attention is given in the 
tabulations to the number of phases or commutations per 
cycle for the various mercury arc rectifier installations 
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Electric Machinery—continued. 





for reference in telephone influence, as well as a rule of 
thumb tabulation of kilowatts installed vs. number of 
phases for guidance in new installations. The merits 
of rectifiers and rotating equipment are discussed with 
some of the economic factors which may govern the 
choice of one type or the other. A typical large electro- 
chemical installation is described as an illustrative 
example, with particular reference to obtaining d.c. 
voltage :djustment. The use of high-speed anode 
circuit breakers to remove arc-backs on individual anodes 
without interrupting service from the remaining rectifiers 
is discussed. 


Westinghouse Develops Improved Motor Design. 


(From Iron and Steel Engineer, U.S.A., Vol. 23, No. 105 

October, 1946, pp. 108-112, 3 illustrations.) 
Major improvements in design and construction of the 
widely used induction motor, pioneered 58 years ago by 
Nicola Tesla, should not logically be expected. Usually 
after such a time any device reaches a stage in its 
evolution where changes relate only to detail. 

However, this year a new alternating-current motor 
makes its appearance which represents a sudden advance 
above the normal rate of progress. This motor, known 
as the Life-Line, is more than 35 per cent smaller in size 
than its predecessor. The reduced size has been 
accomplished without sacrifice of electrical properties. 
Starting torques have been increased as much as 134 per 
cent per lb. of motor and maximum torques increased as 
much as 116 per cent per lb. of motor. High efficiencies 
and power factors are maintained. The appearance is 
certainly much improved and maintenance requirements 
are materially decreased. 

Intensive engineering development and research, 
based on years of experience, have been applied to the 
use of new materials, new methods, new processes, and 
new tools in developing this motor. 

The use of steel instead of the more conventional 
cast iron makes this motor stronger. Its use is not 
entirely new ; however, in this motor the novelty is that 
the structural steel sections are as thick as they would be 
if made from cast iron. Normal inclinations are to use 
thinner sections of steel than cast iron, and frequently 
steel motors have been justly classed as sheet-steel 
motors. 

Shock resistance of steel is much greater than cast 
iron as became evident during the War when use of cast 
iron on Naval vessels became taboo because of its low 
shock resistance. 

It is a fallacy that steel corrodes faster than cast iron. 
Research tests demonstrate the two materials to corrode 
at equal rates. 

The finish coating will consist of base coats of baked 
thermoset varnish with a final coat of lacquer. In some 
extremely severe applications, such as in chemical plants, 
stainless steel will be used for shields and hoods. 

The use of steel has resulted in a smaller size. 
Since dimensions of formed steel parts can be held more 
accurately than those in iron castings, allowances for 
large variation do not have to be made. This may 
amount to a saving of one-quarter inch on a 10 inch 
diameter or length. Size is also reduced by an improved 
engineered cooling system. Much more air passes 
through this motor than through its predecessor, thus 
permitting the reduction in size of the cooling surfaces 
while adequately maintaining temperature limits. 

__ The open-protected machine of 7}-horsepower is 
&3 per cent as large in diameter and 94 per cent as long 
cr a saving of 35 per cent of the volume of last year’s 
machines. The new totally-enclosed motor is 83 per 
cent as large in diameter and 82 per cent as long, saving 
“4 per cent of the volume of its predecessor. 

Mechanical harmonic forces produced by unbalance, 
‘re eliminated by dynamic balancing in a dynetric 
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balancing machines Such balancing is not new on 
motors. But further improvement in mechanical balance 
is obtained in these motors through straighter shafts 
and improved bearing concentricity. 


GEAR DRIVE 


New Type of Variable Speed Gearing. 


By L. A. MALKIN. (From Stanki i Instrument, Russia, 

No. 1, 1946, pp. 11-15, 10 illustrations.) 

THIs invention refers to toothed gear wheels giving a 
variable speed cycle of the type that has hitherto only 
been achieved by non-circular gears and various in- 
genious mechanisms composed of levers, cams, etc., 
none of which provide a general solution. 

Most of these devices suffer from a multiplicity of 
parts and are unsuitable for heavy loads and high speeds, 
while non-circular wheels are difficult to manufacture, 
limited in range and unsuitable for obtaining straight- 
line motion (i.e. for rack and pinion work). 

The present invention refers to wheels with a round 
pitch circle and is simply an involute gear of a “‘ general ” 
type instead of the “ particular solution,” which is used 
when designing constant speed gears. 

It is outside the scope of this abstract to give details 
of the design of teeth for this type of gearing, but the 
essential principle is, that they are cut in the normal 
manner, except that the angular velocity of the work 
varies according to the cycle which it is desired to 
reproduce. This results in teeth of varying thickness 
and pitch, but still perfectly able to give a continuous 
mesh. It is possible to have a “ special ” wheel of this 
nature meshing with a “‘ normal ”’ (constant pitch) wheel 
or rack and it is also possible to make both components 
variable, giving a more complicated cycle. 

The only restriction of choice arises when two 
‘* special ” wheels are in mesh: it is then essential that 
the ratio of the number of teeth is a whole number : it is 
not possible, of course, for each special tooth to mesh 
with every other special tooth.: it can mesh with one size 
of tooth only. This condition can be achieved only if 
one of the wheels has all its teeth “‘ normal ” or if the 
condition stated above is satisfied. 

The principle is also applicable to other than “ spur ” 
gears and the inventor has constructed experimental 
bevel and helical gears of this type. 


GLASS 


The Vitreous State. 


By J. M. Stevers. (From Philips Technical Review, 
Holland, Vol. 8, No. 8, August, 1946, pp. 231-237, 
7 illustrations.) 
THE vitreous state of matter is the solid state of aggrega- 
tion which occurs when. a liquid solidifies without 
crystallizing. In this article the factors are discussed 
which exert influence on the tendency of a substance to 
solidify in the vitreous form. The most important cause 
of the formation of a glass is an association of the atoms 
of the liquid which leads to larger and larger complexes 
upon decreasing temperature of the liquid. Under certain 
circumstances, discussed in this article, these complexes 
have practically no tendency to pass over into a crystal- 
line structure. The mass then solidifies in such a way 
that the arrangement of the atoms, considered over short 
distances, exhibits much similarity with that in a crystal, 
while over distances of more than a few atoms there is no 
regular arrangement. In the case of the glass-forming 
oxides a detailed study is made of the characteristics of 
their structure responsible for their tendency to form 
glasses, following in the main the conceptions of 
Zachariasen. In conclusion a discussion is given of the 
inorganic glasses formed by fusing together different 
oxides. It is shown that a glass can best be composed of 
a suitable acid oxide as glass-former and basic oxides 
which lower the temperature of fusion. 
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INTERNAL COMBUSTION ENGINES. 
Novel Two-Stroke Cycle Engine. 


(From Le Génie Civil, France, Vol. 123, No. 18, Sep- 
tember 15, 1946, p. 251, 1 illustration.) 


THE majority of two-stroke cycle carburettor engines 
are built with crankcase compression. This is doubtless 
the simplest method for effecting compression, but it 
leads to eventual leakage through the joints of the 
crankcase and makes it necessary to introduce, with the 
mixture, a certain amount of lubricating oil which is a 
rather ineffectual and harmful measure. 

Several designs have been proposed to overcome 
these shortcomings by carrying out the initial com- 
pression in an auxiliary cylinder or by some other means. 
In the design proposed by Chave, which possesses the 
advantage of great simplicity, the compression is carried 
out in the space formed by the inner walls of the piston 
B and a stationary hollow plunger C, the bottom flange 
of which is interposed between the cylinder casting and 
the top of the crankcase as shown in the accompanying 
illustration. The piston thus moves between the cylin- 
der and the hollow plunger. Tightness between the 
inside piston wall and the plunger is obtained by 
providing the plunger with piston rings. When the 
piston approaches the top dead centre position, the 
mixture is admitted through the inlet F and the port G, 
compression taking place during the downstroke. 
Discharge of the compressed mixture into the com- 
bustion chamber takes place through the port H and the 
passage I when the piston approaches bottom dead 
oa and while the spent gases are exhausted through 
port J. 
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A, cylinder; B, piston; C, stationary plunger; D, base of 
Stationary plunger; E, crankcase; F, inlet for mixture; G, ad- 
mission port ; H, I, port and passage respectively for passing from 
Pre-compression chamber to cylinder space ; J, exhaust port; K, 
gudgeon pin ; L, bosses for gudgeon pin bearings; M, channels in 
cylinder wall accommodating L; O, deflector; P, sparking plug 
nipple, 

_ The piston is made of steel in order to keep its wall 
thickness as small as possible and thus to keep the volume 
of the interior compression chamber as large as possible. 
The gudgeon pin bearings are outwardly placed and 
move in appropriate enlargements of the lower part of 
the cylinder. The stationary plunger and its base are 
spared out to permit movement of the connecting rod N 
and of the projecting gudgeon pin bearings of the piston. 

construction of the engine is as simple and as cheap 
as that of the usual type of engine with crankcase 
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compression. The slight complication in design 
incurred with the provision of the stationary plunger is 
compensated for by the greater simplicity of crankcase 
design. Engine dimensions and engine weight are 
practically unchanged. The piston remains the only 
moving part and engine reliability and facility of main- 
tenance are the same as those of an engine with crankcase 
compression. A bicycle engine of 35 cu. cm. cylinder 
volume has been successfully built. It runs at 8,000 
r.p.m. when idling and at 3,200 r.p.m. with a level speed 
of 20 km. per hour. 


Taking the Mystery out of the Kadenacy System 
of Scavenging Diesel Engines. 


By P. H. ScHWEITzerR, C. W. VAN OVERBEKE, and L. 

MANSON. (From Transactions of the A.S.M.E., Vol. 

68, No. 7, October, 1946, pp. 729-734, 9 illustrations.) 
THE “ Kadenacy effect ” of the Diesel engine exhaust is 
utilised to create a vacuum in the cylinder for introducing 
the fresh charge. The result of the application of this 
system is exemplified in tests in 1939, of a converted 
Junkers opposed-piston engine in which the power was 
raised from 11 to 25 h.p., or an increase of 130 per cent. 
This was accomplished solely by changing the charac- 
teristics of the inlet and exhaust ports and passages in 
accordance with the Kadenacy patents. However, the 
theory expounded by the inventor has been subject to 
question, as the authors explain, and while the results 
are entirely matters of record, the phenomenon can be 
accounted for by conventional thermodynamics based 
upon simple adiabatic expansion. This fact the authors 
have demonstrated by experiment. The formule de- 
rived check closely with those of Kadenacy but they are 
based upon a more rational approach than Kadenacy’s 
contention that supersonic velocities are involved in the 
exhaust process. 


MINING ENGINEERING. 


Mineral Contents of Bubbles during Flotation. 
By Z. V. Voitxova. (From Gornii Fournal, Russia, 

No. 3, 1946, pp. 30-35, 4 illustrations.) 

THE two older methods of approaching the problem 
are based on :— 

1. Comparative study of wetted mineral surfaces 
(Langmuir, Sulman and Rehbinder). 

2 Measurement of time taken to break down the 
film of liquid between the mineral and the air bubble 
(Sven-Nilsen). 

Both methods have found little practical application 
because they did not take into account a sufficient 
number of variables. 

In the last few years a much more comprehensive 
theory has been developed in the U.S.S.R. based on 
the study of, (a) time of “induction” as in the afore- 
mentioned method 2, (b) wetting characteristics of 
mineral surfaces as in method 1, (c) speed with which 
the bubble is rising and size of the bubble, (d) ratio 
of liquid to solid contents in the mixture, (e) ratio of 
the mineral to be floated to other solid contents, and 
(f) size of mineral particles. 

A short outline of the theory, with several graphs 
and tables is given, exemplified by experimental 
results of a mixture of quartz and barite. They show 
the necessity for exact study of such determining 
factors as the size of the air bubble. Many of these 
variables affect largely the efficiency of the process 
unless. they are correctly adjusted to all the other 
factors in the equation which represents the process. 

REFERENCES :— 

1. J. LaNGmurr, Trans. Faraday Soc. 1920, III, 15, 62 

2. J. SuLMAN, Trans. Inst. Min. Met. Engs., 1920, 29, 44. 

ubl. Inst. Min. Met. Engs., 1919, 1, 82. bcs 

3. P. REHBINDER, Kolloid Zeitschr, 1933, Bd. 65, No. 3, 268-90 

ON 
Aladouania v oblast flotatsiie” M.-L O.NT.1. 1937, 
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OFFER YOUR SERVICES AND 
YOUR PRODUCTS 


in the only technical journal published simultaneously in 


Great Britain and in the United States of America, 
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Mining Engineering—cantinued. 


4. J. SvEN-NILSSEN, Proc. Roy. Soc. Ind. Inst. 7% Res., 1935, 
p. 135, Kolloid Zeitschr, 1934, Bd. 66, No. 3, 230-32. 
A. N. FRUMKIN, ‘ « Fisiko-Khimicheskie osnovy ) flotatsii ae 
** Trudy tunskoi sessiti Akademii Nauk SSSR,” Leningrad, 
1932, Academy of Sc. edition. ‘ Uspehi Khimii, ”” 1933, 
I, p. Sov. Phys,” 1932, 1, 205. “ Acta Physicochi 
mica” URSS, 1938, v. IX, No. 2, p. 313-26. 


6. Z. VOLKOVA, ‘ « Journal Fisich. Khimii,” 1936, VIII, 2, 197- 
207, and 1937, IX, 2, 182-89. “ ae Phisicochimica, URSS,” 
1945, v. XX, No. 4, p. 467-78 

7. A. GODEN, “ Osnovy flotatsii,” O.N.T .I., 1933. 

8. K. BELOGLAZOv, ‘* Tsvetnye Metally,” 1939, No, 9, 70-76. 

9.. H. L. ZuniGa, “‘ Bolet. minero,” Soc. nact. mineria, 1935, 


v. 47. 
10. W.GRUNDER u. F, Kapur, “‘ Metall und Erz,” 1940, Bd. 37, 
No. 18, 367-72. 


Rationalization in Swedish Mining. 


By S. ANESTAD. (From fernkontorets Annaler, Sweden, 
Vol. 130, No. 9, September, 1946, pp. 319-362, 30 
illustrations.) 

As an introduction the author indicates the economic 

and technical conditions which have made rationalization 

in mining more and more important. The development 
is then discussed in detail. The increasing use of 
improved drilling machines and of hard metal bits is 
emphasized. The different mining methods, especially 
sublevel stoping, horizontal cut and fill, sublevel caving 
and block caving, are discussed. Transport and loading 
problems have lately been the object of much interest, 
and the use of mechanical equipment is rapidly increas- 
ing. The paper deals among other things with chutes 
and chute gate constructions, mine cars, mechanical 
loading, and hoisting, and the author emphasizes the 
importance of large units of cars, chutes, loaders, etc., 
and also the advantage of placing large breakers under 
ground for the reduction of sizes of lumps instead of 
blockholing. Drifting with different cuts, raises, shafts, 
etc., are discussed. According to a calculation made by 
the * author certain modifications of the mining at the 

Kantorp mines will give a reduction of workmen em- 

ployed from 74 to 46 for an output of 150,000 tons of iron 

ore per year. 


ORE TREATMENT 


Rationalization in Swedish Iron-Ore Dressing. 


By S. M6rTSELL. (From fernkontorets Annaler, 
Sweden, Vol. 130, No. 9, September, 1946, pp. 369- 
458, 73 illustrations.) 


AFTER a short review of recent developments in respect 
of machinery equipment in Swedish iron-ore dressing 
plants, some of the problems of current interest in 
connection with ore dressing are discussed. 

Results are given of a series of tests with ball mill 
grinding, which illustrate the influence of ball size on 
grinding effect as well as on the quality of the ground 
material. 

The metallurgists want to get concentrates which are 
at the same time richer and more coarse-grained. From 
this has arisen the problem of locked particles of mag- 
netite ores, which has led to thorough studies of the 
liberation properties in comminution of different ores, 
comprising among other investigations systematically 
arranged and evaluated elutriation analyses, which have 
proved to be valuable when at the same time is required 
a numerical basis for estimating the feasibility of obtain- 
ing coarse-grained, rich concentrates. Examples are 
given of such ore-dressing which is effected by combining 
concentration in jigs or shaking tables with magnetic 
concentration. 

The phosphorus content of certain ores can be 
considerably reduced by far-reaching concentration, and 
experiments were also made with leaching in acids. 

For the elimination of pyrrhotite from certain 
iron-ores, flotation of the pyrrhotite at a very low pH 
has given good results. 
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After a discussion of supervision and control of 
operation and indication of some principles for the 
planning of ore-dressing plants, which is all of great 
importance to rationalization, the author gives data of 
several Swedish iron-ore dressing plants. 

A comparison of these data shows which rationaliza- 
tion measures have been taken during recent years. 
Furthermore, some particulars of effects and mean values 
of some other data are given, which may on the one hand 
be regarded as representative of Swedish iron-ore 
dressing and on the other are of importance for judging 
ben degree of rationalization achieved by the ore-dressing 
plants. 


TELEPHONE AND TELEGRAPH 
ENGINEERING 


The Basic Principles of Multi-Channel Trans- 
mission with Modulated Impulses. 


By H. J. v. BAEYER. (From The Brown Boveri Review, 
Switzerland, Vol. 33, No. 3, March, 1946, pp. 65-69, 
3 illustrations.) 


Tue problem of the simultaneous transmission of 
several messages over a single radio tie is becoming of 
increasing interest with the growing telegraph and 
telephone traffic. In practice this problem is being 
solved by repeatedly transposing the frequency of the 
bands belonging to the various messages and carefully 
avoiding any over-lapping. The entire band is trans- 
mitted ; at the receiver end it is then separated into 
single bands by filters and these bands are retransposed 
into the original frequency region. Besides this tech- 
nique certain patents and recently also some publications, 
mentioned at the end of this article, have dealt with the 
so-called time multiplex System. In the latter system 
each message is brought to a sequence of short impulses 
and these impulse sequences are interlaced on a basis 
of time in such a manner that no overlapping takes place. 
This corresponds to the well known multiplex telegraph 
system, which based on the transmission of several 
telegraph messages with time intervals. Since such 
impulse methods have gained fresh importance due to 
the technical application of the decimetre and 
centimetre-wave systems, the basic principles are given 
in this article, in order to permit a critical summing-up 
of the advantages and disadvantages compared with other 
systems, 








VIBRATIONS 


The Influence of Oil-Film Journal Bearings on the 
Stability of Rotating Machines. 


By A. C. Hacc. (From Journal of Applied Mechanics, 
(A.S.M.E.), Vol. 13, No. 3, September, 1946, pp. 
A211-A220, 14 illustrations.) 


Tue self-excited vibration caused by the lubricating 
films of journal bearings and commonly called oil-film 
whirl or oil whip is discussed. The upper limit of 
whirling frequency has been found to be one-half 
rotational frequency in the general case; actually the 
phenomenon will manifest itself at a frequency which is 
invariably below this limit. Stability criteria have been 
developed for certain common systems in terms of 
bearing and rotor parameters. The tilting-pad bearing 
of Michell has been established as a so-called “ stable ” 
or “ nonwhirling ” bearing. This bearing and related 
types are probably the only oil-film journal bearings 
which are incapable of exciting oil whip, regardless of the 
system to which they are applied. Qualitatively the 
results of the paper appear to be in agreement with 
observations. In certain cases, results have been sub- 
stantiated experimentally. 
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NEWS OF THE MONTH 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 





Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of ““ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 


mentioning ‘“‘ The Engineers’ Digest” as a source. 


@ NEW EQUIPMENT 

@ BOOKS AND CATALOGUES 
@ BUSINESS CHANGES 

@ PERSONAL 

@ NOTES 








PERSONAL. 


The Aluminium Development Association announces the 
following staff appointments :—Mr. G. R. L. Watkins, A.M.I.N.A., 
naval architect; Mr. J. C. Bailey, B.Sc., liaison officer to co- 
ordinate the work of the technical committees and senior technical 
staff; Mr. N. B. Vaughan, M.Sc., information officer and libra- 
rian; and Mr. F. L. Stafford, A.M.I.Mech.E., M.I.Loco.E., 
railway transport engineer. 

The Austin Motor Company announces that Mr. J. R. Edwards 
has been appointed Production Manager and Mr. H. J. Graves 
has been made Supply and Production Equipment Manager. 
Mr. G. A. Durant has been appointed Chief Buyer. 

Mr. S. C. Lambert has been appointed full-time Secretary to 
the Bristol Engineering Manufacturers’ Association. Mr. J. E 
Evans resigning from the Honorary General Secretaryship on 
being made a Directoi of his Company—The Ray Engineering Co., 
Ltd., Bristol. 

Mr. I. A. Marriott has been appointed a director of Associated 
British Oil Engines, Ltd., and of British Oil Engines (Export), Ltd. 
Mr. A. P. Quarrell, A.M.I. Mech. E., has been appointed manag- 
ing director of British Oil Engines (Export), Ltd., and sales 
manager of Associated British Oi] Engines, Ltd. 

On relinquishing his appointment as Controller of Light Metals 
in the Ministry of Supply at the end of August last, Mr. C. G. 
McAuliffe, B.A., has taken up an appointnient as a Departmental 
Manager in the Sales Division of the British Aluminium Co., Ltd. 
Mr. McAuliffe is located at the Company’s Head Offices, Salisbury 
House, London Wall, London, E.C.2. Tel. No. Clerkenwell 3494. 

Major J. A. Robb, B.Sc., has been appointed to the Colonial 
Service as an Assistant Engineer in the Public Works Department, 
Zanzibar. 

Mr. W. H. Sharp has been appointed Assistant Managing 
Director of Thomas Smith & Sons (Rodley) Ltd. This Yorkshire 
firm, manufacturers of cranes, excavators, etc., also announce that 
Mr. Fredk. Johnson has become a Local Director. 

Major-General A. W. Sproull, C.B.E., M.I.Mech.E., 
M.1.E.E., has accepted the invitation of the Council to become 
President of the Junior Institution of Engineers for next session. 
Mr. Rex Wailes, M.I.Mech.E., has been elected Chairman of the 
Institution, and Mr. P. W. Dunn and Mr. H. M. Lees have been 
elected Vice-Chairmen. 

Mr. S. W. West, of the X-ray division of Philips Lamps, Ltd., 
is to join the North American Philips Company as technical manager 
of the X-ray division in New York. 

A, C. Wickman, Ltd., announces that, on appointment as sole 
world agent for Diaplastics, Ltd., it has established an electronics 
division in charge ot Mr. F. L. Gladwin. 


NEW LITERATURE. 


The PETBOW Welders® Guide, a veritable mine of infor- 
mation for all concerned with Welding, has been revised and re- 
issued by Messrs. Petbow, Ltd., of Station Estate, Barmoral Road, 
Watford, Herts. If any firm has a large number of employees 
connected with Welding, Messrs. Petbow, Ltd., will be pleased to 
supply their Guides at the reduced price of 3/- a dozen, post free. 


The Institute of British Foundrymen have issued two new 
publications as under :— 
(a) Atlas of Defects in Castings, Series 1, published by the 
Institute. Gratis to Members and Associate Members. 
Price 10/6 to Non-Members. 5/- to Associates. 
(b) List of members of the Institute as on 24th October, 1946, 
published for the Institute. Gratis. 
Enquiries for these publications should be addressed to the 
Secretary, Institute of British Foundrymen, St. John St. Chambers, 
Deansgate, Mamchester 3. 


British Standards institution, 1946 Yearbook.—The 
Yearbook of the British Standards Institution, which has just 
been published, gives a subject index and a synopsis of each of the 
1,300 British Standards now current. These standards have been 
Prepared by representative committees of 44 different industries. 

_ The Yearbook includes lists of members of the General Council 
of he Divisional Councils and of the Industry Committees of the 
Institution as well as other useful information about its work. 
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The Yearbook, price 2/- post free, can be obtained from the 
Publications Sales Department, British Standards Institution, 
28 Victoria Street, London, S.W.1. 


“ Megger” Insulation Testing Pocket Book in the 
Russian Language.—To assist the many users of “ Megger” 
Insulation Testers in the U.S.S.R., Messrs. Evershed & Vignoles 
Ltd., have published a Russian edition (No. 210) of their Pocket 
Book on Insulation Testing. y 

The book tells how to make insulation tests on all types of 
electrical equipment and appliances, and explains the principle 
upon which the “ Megger”* instrument works. 


“ A Factory At War ”’—“ A Factory At War,” recently issued 
by Evershed & Vignoles Ltd., Electrical and Mechanical Engineers, 
London, W.4, is a story of the war on the civilian production front. 
The book has been written purely as the firm’s tribute to its employees 
—the men and women who kept the wheels of production turning 
for the supply of essential equipment to the fighting services. It is 
for private distribution only and will be a memento prized by those 
who faced together acommon danger. The book contains a complete 
list of the firm’s Civil Defence and Home Guard and the duties they 
performed. : - : 

A tribute to the Home Guard is paid by Lieut. Col. F. M. Salsh, 
M.C., commanding the 7th County of London Battalion, in which 
Evershed’s had their own unit. There are stories of spotters and 
wardens of the firm’s N.F.S. unit and the work of fireguards and 
first aid detachments. One is reminded how production continued 
during raid alerts, and of the rapid reconditioning of buildings 
damaged by the enemy. It is a record of how the personnel of 
Seanad & Vignoles Ltd., triumphed over difficulties and played 
their part in winning the final victory. 


BRAILEY ELECTROPLATERS LTD. 
CHAPEL ST-SALFORD 3:°LANCS. 








ILFORD 


INDUSTRIAL X—RAY 


PRODUCTS 


Trial and error is sometimes the quickest way 
of solving a technical problem, but in the 
matter of finding the right sensitive material 
for any subject in Industrial Radiography, the 
hard work has already been done by Ilford 
Limited. As a guide to the comprehensive 
range offered for this work, the booklet ‘Ilford 
Products for Industrial Applications of X-Rays 
and Gamma Rays’ will be found of great 
assistance. A copy of it will be gladly sent 
on request. 











ILFORD X-RAY FILMS 
Industrial X-ray Film A—a general pur- 
pose film for use with or without screens. 


Industrial X-ray Film B—a high contrast 
non-screen film for direct exposures (or with 
metal screens) for maximum flaw-discrimination. 


Industrial X-ray Film C—a slow fine-grain 
non-screen film for high resolution in crystal- 
lography or in the radiography of light alloys. 


ILFORD LIMITED - ILFORD - LONDON 
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Export Brochure.—The Wellman Smith Owen Engineerin ; 
Corporation Limited have issued an Export Brochure, which the, 
are distributing extensively overseas. 

The text is printed in four languages in the form of fly-leave; 
opposite their appropriate illustrations with colour according to 
language and the whole publication, which has been designed and 
comaund by the Company’s Publicity Department, is completely 
novel. 

During the war years export trade had been curtailed ani 
contacts with foreign buyers restricted. This Brochure is bein; 
distributed with the two-fold object of reviving pre-war overseas 
connections and of ing the firm’s products known in those new 
markets which now present such a promising field for British 
engineering. 





NEW EQUIPMENT. 


New Electronic Dynamic Balancer.—To effect perfect 
balance of rotors, dynamically and statically, has Jong been a 
problem for engineers. Now, after a considerable period of intensive 
research and development, Messrs. Reid & Sigrist Ltd., New 
Malden, Surrey, have produced an electronic balancer which gives 
a standard of accuracy claimed never before to have been attained. 

The apparatus was seen in operation recently and as shown in 
the illustrations consists of a balancing head, pre-amplifier, main 
amplifier and Cathode-ray unit. 

The balancing head is of rigid construction and has mounted 
on it a suitable fixture to accommodate the rotor to be balanced. 
This fixture is easily changed to suit the particular rotor. Incor- 
porated in the head are two photo-electric cell units and a lens 
system for measuring the “out of balance”? and producing a 
reference marking factor on the rotating body. A valve controlled 
air jet system for constant air supply is provided for air driven 
rotors. Provision has been made for the electrical supply for 
electrically driven rotors. 

The Cathode-ray unit consists of two tubes. One tube gives, 
by a suitable figure, the amount of “ out of balance” and, in 
conjunction with a dia! on the balancing head, its position. The 
other tube gives the speed of the rotor. 

Two sinusoidal waves are generated by the rotor by means of 
light beams falling i tr the photo-electric cells. One, the reference 
wave, controls the horizontal movement of the light spot on the 
screen of the Cathode-ray tube. The other, generated by the 
vibrations caused by the unbalance of the wheel, controls the 
vertical movement of the light spot. 

The apparatus measures the phase difference between these 
two waves, thus giving a direct indication of the position, on the 
periphery of the wheel, of the “out of balance” mass. The 
amount of balance is indicated by the distance of vertical deflection 
of the spot, and is measured ae a calibrated graticule. 

The system of generating the necessary waves by light beams 
eliminates the danger of mechanica! errors apparent when using 
such pick-up devices as moving coils or crystal pick-ups. High 
speeds of modern electric gyros, etc., demand this system of balance 





Fig. 1. Close-up view of balancer showing interior of light- 
head ; photocells, stylus and air-jet nozzles. A rotor to be 
tested is in position on the centre carriage. 
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Fig. 2. Electronic dynamic balancer. The special drill 
press is on the left; balancing head in the centre, and 
cathode-ray units on the right. 


as human touch cannot feel vibration at 20-30 thousand revolutions 
per minute. Balancing at lower speed is unsatisfactory as wheels 
stretch with speed. 

The speed is shown stroboscopically on the small tube by means 
of a clearly recognisable ‘‘ Lissajou Figure.” The two reference 
figures are obtained by the occulting of the two beams of light and 
not by mechanically coupling to the rotor. 





BUSINESS NOTES. 


The Board of Trade announce that the Standards Department 
has left Boots Hotel, North Promenade, Blackpool, and that the 
address is now Chapter Street House, Chapter Street, London, 
S.W.1. Telephone: Victoria 7032. 

The London Electric Wire Company and Smiths Limited 
and its associate companies—Frederick Smith & Co., The Liverpool 
Electric Cable Co., Ltd., and Vactite Wire Co., Ltd., have appointed 
Messrs. Campbell, Gardner & Co., 27 Franklin Street, Belfast, 
their Sales Representative for Northern Ireland. 

Institute of Economic Engineering.—It is announced that 
an amalgamation has been effected, as from November Ist, between 
the Institute of Economic Engineering and the Production Controi 
Research Group. The new body is known as the Institute of 
Economic Engineering (incorporating the Production Control 
Research Group), and its chief office is at 28 Victoria Street, London, 
S.W.1. It is stated that Lord Marley will continue to be associated 
with the Institute, the scope of which has now been eniarged 
adequately to cover research and education in production control, 
as well as the separate functions of motion study and time study. 
Mr. W. J. Worsdale is to take over the duties of honorary general 
secretary trom Mr. E. W. Barrell, who has already announced his 
intention to resign at the end of the year owing to pressure of other 
business. The Institute is engaged on a comprehensive programme 
for the coming year, which will cover an increasing number of 
publications on the subjects with which it deals, an extension of the 
issue of its journal, education and examination courses, and meetings, 
addresses and discussion groups on a more ambitious scale. 

Messrs. A. W. Roebuck, Ltd., Main Concessionaires of 
Specialloid Pistons have moved from their present address at 
194 Great Portland Street. W.1., to new premises at 172 Great 
Portland Street, W.1. The telephone numbers remain unaltered 
at Museum 7155-6-7. 

Cable Orders from South Africa.—Orders to the value of 
£36,000 have been received by Standard Telephones and Cables 
Limited from the Johannesburg Municipality. The material to 
be supplied comprises 39,000 feet of 0.25 sq. in. 3-core 20 kV. 
cable and 42,000 feet of Pilot and Telephone cable together with the 
requisite joints. The 20 kV. cable is for use between the City 
and Parkhurst 20 kV. bus bars. The Pilot cable is for use between 
John Ware and Parkhurst Sub-Stations. 

In view of the P rvmcoironaag difficult gradients to be encountered 
on the route the Company is supplying its Styrene type of joints 
and terminations, which are specially designed to overcome the 
problems of compound migration. 

An order, total value £7,350, has also been received by 
‘ Standard ” from the Port Elizabeth Municipality for 1,320 yards 
of 0.1 sq. in. 3-core “‘ H.S.L.” Solid Type 44 kV. Paper Insulated 
Lead Covered and Single Wire Armoured and Taped Cable, with 
requisite accessories. These materials are required in connection 
with extensive developments by the Municipality for feeding 
various outlying districts. 

Goodyear Branch in Birmingham.—Goodyear Tyre & 
ubber Co., Ltd., announce the opening of temporary branch 
premises in Fleet Street, Birmingham. 

Previous premises destroyed by enemy action are now being 
rebuilt. Since 1940, the Birmingham branch has operated from 
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the head office at Wolverhampton, with a Sales office at 33 Great 
Charles Street, Bir: ham. Mr. F, Foxley, manager of Goodyear 
Midland Division will operate from this office which is being 
retained for the time being. 

Mr. C. G. Sharp, Branch office manager, will be in charge at 
Fleet Street. 


PARIS INTERNATIONAL TRADE FAIR. 
FOIRE DE PARIS OF 1947. 
ALREADY ranking as the greatest centre for internationa! trade 
exchange, the Foire de Paris will add still further to its successes 
when it opens on May 10th, 1947. 

To the existing 131,000 sq. yds. of Hall space, which proved 
only too inadequate for all those wishing to participate in the 1946 
Fair. an additional 36,900 sg. yds. are being made available for 1947. 
Of these, approximately 15,000 sq. yds. are being absorbed by an 
entirely new Hall to be erected on the site of the forme: Car Park. 
In order to link this latest extension with the main buildings, an 
underground passage is also being constructed. 

The Parc des Expositions (Porte de Versailles), specially 
constructed for the purpose in 1925, covers an area of 100 acres. 
These are laid out with a view of presenting the most practical and 
convenient show grounds for exhibitors and visitors alike. An 
aerial view uf the Fair reveals a Central Avenue of nearly a mile 
in length (which is served with frequent electric cars), on either 
side and at the end of which rise terraces flanked with Halls, 
‘Palais’, and other buildings housing displays from more than 
8,000 exhibitors. 

These exhibitors represent every single country in Europe: 
in fact, no less than 39 different nations have, at one time or 
another, taken part in the Foire de Paris. It can be authoritatively 
stated that the Technical Section of the Foire de Paris which, in 
1946, surpassed the corresponding Section of the Leipzig Fair in 

9, will, in 1947, constitute the most important industrial 
exhibition throughout the world. Further particulars may be 
obtained from the London Representative of the Foire de Paris : 
Miss E. Lambert, 11-13 Rugby Chambers, 2 Rugby Street, W.C.1. 


PHILIPS (SOUTH AFRICA) TO SUPPLY EQUIPMENT 
FOR ROYAL TRAIN. 

SoutH African Philips (Pty.), Ltd., of Johannesburg have asked 

Philips Industrial (Philips ps), Ltd., of London, England, to 

supply 16 motor generator sets to South African Railways and 

Harbours. 

These =e sets are for installation on South African railways 
and two of them are for the Royal Train, which will be used by 
Their Majesties the King and Queen when they visit South Africa 
—s 1947, 

he Royal Train m.g. sets will supply all the current necessary 
to operate the radio transmitters and receivers installed, and are 
required to be interference free on all frequencies. They will be 
controlled by an ordinary tumbler switch in the radio cabin. 

These motor generator sets are being specially made to suit 
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the requirements of South African Railways and Harbours. ‘ihe 
Royal Train sets will operate on a 65v. D.C. supply with a tolerance 
of 55 to 86 volts. ey will have an output of 150 watts at 220 
volts single phase. Revolutions 1500 r.p.m. Automatic speed 
governors will be fitted capable of maintaining constant speed 
within + 3 per cent of pre-set value. : 

The trains, each of 14 coaches, will make up the Royal 
entourage. One will be a Pilot train to precede the Royal Train and 
will accommodate Government and Railway Officials and the Press. 
It will be in constant and direct radio communication with the Royal 

rain. 

The Pilot train will be equipped with high speed short wave 
radio transmitting apparatus, and Keying equipment and a short 
wave radio receiver. 

Eight of the coaches for the Royal Train will be new vehicles, 


EXPERIMENTAL STRESS ANALYSIS GROUP. 


A meeting was held at University College, London, recently with 
the Provost Dr. D. R. Pye in the Chair. Sixty persons from 
academic, government and industrial research establishments were 
present to discuss the formation of a society concerning itself with 
photoelasticity. Some of the research workers suggested that the 
new group should be part of the Institute of Physics rather than as a 
new Society. The Secretary of the Institute stated that his Board 
was always prepared to give sympathetic consideration to requests 
from informal groups interested in Applied Physics, for assistance in 
the inaugural period. It was agreed to leave the constitution open 
for the present and to make a formal request to the Institute for 
tempo assistance. 

Col. H. T. Jessop (University College, London) was elected 
Chairman of the group, and Mr. E. K. Frankl (University of Cam- 
bridge) Honorary Secretary. The following were elected to the 
Committee: Mr. W. A. P. Fisher (R.A.E., Eerepeconms R. G. 
Manley (Vickers Armstrong Ltd., Newcastle. on Tyne), ce 
Newberry (L.M.S. Railway, Research Dept., Derby), Dr. S. C. 
Redshaw (Boulton Paul Aircraft Co., Wolverhampton), Mr. D. G. 
Sopwith (Engineering Div., N.P.L., Teddington), Dr. J. Ward 
(Huddersfield Technical College). 

Any research workers or others who are interested in experi- 
mental stress analysis are invited to communicate with the Honorary 


Secretary. 
WHALING BY RADAR. 


The Whale-factory ship, Sir fames Clark Ross, has been re- 
fitted in a Swedish port and is now on her’way to a whale-catching 
expedition in antarctic waters. Messrs. A. C. Cossor Ltd. have 
installed the most up-to-date marine radar equipment which will be 
put to the severest possible test among ice-bergs, fog, snowstorms 
and all the rigours of a polar climate. 

This whale factory ship has plates an inch-and-a-half thick. 
Some ice-bergs are sixty miles long and, in the past, their presence 
was detected by a drop in the temperature or by echo sounding 
gear. On this experimental trip the Sir James Clark Ross will chart 
ice-bergs with scientific precision when the scanner at the masthead 
sends out radio impulses which will strike the ice-bergs and produce 
a signal on the cathode ray screen. The navigation officer in the 
radar room will “‘ see” much more than the Captain on the bridge, 
regardless of visibility and his range, moreover, will extend twelve 
miles. 

Besides making navigation perfectly safe, radar will facilitate 
contact between the Sir James Clark Ross, the mother ship, and her 
family of fast auxiliary whale-catchers. In bad weather these small 
verse will be under constant observation, and when necessary, will 
be guided back to the mother ship by radio-telephone instructions. 


Production Engineering Research Association of Great 
Britain.—A reception was held at the Savoy Hotel on December 
3rd, organised by the above Research Association in order that 
representatives of the press and of other organisations may be 
informed of the establishment of PERA, its objectives, and its plans 
for future activities. sae 

PERA is a D.S.I.R. supported Research Association formed by 
the Institution of Production Engineers, the Machine Tool Trades 
Association, the Gauge and Tool Makers’ Association, and the 
National Federation of Engineers’ Tool Manufacturers, with the 
object of assisting British industry to oe ye its productive efficiency. 
The researches carried out will cover the whole range of production 
engineering activities, resulting in improvements in the design and 
quality of production equipment and also in the provision of essential 
technical data. Membership of PERA is open to manufacturers 
of tools, machine tools, gauges, cutting fluids, and also to the users 
of this equipment in the whole Engineering Industry. __ ae 

At the reception short addresses were given by Sir William 
Stanier, F.R.S., Past President of the Institute of Mechanical 
Engineers ; Mr. Mark H. Taylor, M.I.P.E.; and Dr. D. F. Galloway, 
Director of PERA, Wh.Sc., M.I.P.E., A.M.I.Mech.E., A.M.LE.E., 
B.Sc.Hons. 





FOR SALE. 
Approximately 5,000 small Pneumatic Hand Tools, comprising 
assorted hammers, riveters and drills, made by Desoutter Bros. 
Broome & Wade, Aircraft Materials, Cleveland Pneumatic, 
Ind dent P: ic, Aircraft Motors Ltd., Consolidated 





. 
Pneumatic, Armstrong Whitworth and various other first-class 
makers. All tools, although used, are in excellent condition and 
are offered on a very attractive basis for immediate delivery ex. 
stock. Full schedule of quantities, types and descriptions 1s 
available on request to G.T.C., 82-94 Seymour Place, ondon, 
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